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WHEREIN  WE  SIGNALIZE  THE  FIRST  ANNI\T:RSARY  OF  THE 
ATOMIC  AGE,  CONSIDER  THE  ALTERNATIVES  INHERENT 
IN  BOTH  GOOD  AND  EVIL  POTENTIALITIES  OF  NUCLEAR 
nSSION,  THEN  VENTURE  A  GUMPSE  INTO  THE  FUTURE 


A  TEAR  AGO,  July  16, 1945,  at  Alamogordo,  New  Mexico, 
man  created  the  first  atomic  explosion.  Most  impres- 
sive  events  diminish  in  stature  as  they  recede  in  time. 
This  one  grows  bigger  with  each  passing  day.  It  truly 
marked  the  beginning  of  a  new  age. 

As  Year  1  of  the  Atomic  Age  ends  and  Year  2  begins, 
we  are  engaged  in  three  portentous  projects. 

At  Bikini  Atoll  we  are  detonating  the  fourth  and,  pos¬ 
sibly,  the  fifth  atomic  explosions  in  the  history  of  the 
world. 

At  Oak  Ridge,  Tennessee,  we  are  building  the  first 
atomic  energy  plant  for  peaceful  purposes. 

Most  important,  in  New  York  we  and  all  the  other 
United  Nations  are  engaged  in  the  first  attempt  to  sub¬ 
ject  atomic  energy  to  international  controL  Literally, 
the  fate  of  the  world  hangs  on  this  attempt. 

As  this  introduction  is  written,  the  United  Nations 
Atomic  Energy  Commission  has  just  begun  its  work. 
People  everywhere  pray  for  its  success— for  their  own 
sake,  but  even  more  for  their  children  and  for  their 
grandchildren.  If  this  Commission  fails  let  everyone 
everywhere  be  warned:  the  world  has  taken  a  step  to¬ 
ward  destruction. 

As  we  enter  the  second  year  of  the  Atomic  Age,  the 
nations  of  the  earth  are  embarked  on  an  atomic  arma* 
ments  race.  There  is  no  blinking  that  facL  We  have  had 
oflKcial  notice  served  on  us.  Therefore,  we  must  under¬ 
stand  that  unless  the  United  Nations  Commission  can 


arrest  the  drift  of  events,  we  are  moving  toward  a  hor¬ 
rible  w’ar.  The  Commission  must  succeed. 

The  .\merican  delegate,  Mr.  Baruch,  has  brought  to 
the  Commission  an  ably  thought  out  plan.  It  w'ould  in¬ 
ternationalize  nuclear  science,  and  release  for  man¬ 
kind  the  beneficent  applications  of  atomic  energy.  But 
it  w'ould  ‘‘control”  atomic  bombs  only  to  tlie  extent  of 
giving  the  world  brief  warning  of  any  nation’s  prepara¬ 
tion  to  use  them,  so  that  we  might  have  foreknowledge 
of  disaster. 

Therefore,  the  real  and  enormous  task  before  the 
world  becomes  clear.  We  must  end  war.  No  other  control 
of  atomic  weapons  exists.  If  war  comes,  atomic  weapons 
•will  be  used.  If  they  are  used,  our  children  who  survive 
will  curse  their  fathers.  Understanding  the  consequeucea 
of  failure,  we  must  succeed. 

Because  we  cannot  succeed  without  knowledge,  I  have 
asked  my  associates  at  McGraw-Hill  to  condense  into  tlie 
following  pages  what  we  know  at  the  close  of  Year  1 
about  this  great  new  atomic  force  —  its  basic  science,  its 
possible  uses  and  its  political  repercussions. 

President,  McGraw-Hill  Publishing  Co.,  Inc. 
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Looking  back  twelve  months  to  the  birth  the  modest  energy  of  the  whirling  elec- 

of  Year  1,  Atomic  Age,  we  begin  to  trons  in  the  outer  atom.  Nuclear  reactions 

sense  the  majestic  import  of  the  atomic  unlock  the  immensely  greater  energies 
bomb  that  blasted  the  naked  desert  at.  '  vdiich  bind  together  the  nucleus. 
Alamogordo,  N.  M.,  on  July  16,  1945.  Even  the  gentle  tap  of  a  slow-moving 
There  man  first  shattered  atoms  in  an  neutron  bullet  will  split  the  atom  of  U235 

explosive  fast-chain  reaction.  Then  came  or  of  man-made  plutonium  into  two  me- 
Hiroshima  and  Nagasaki.  ^  dium-weight  atoms,  yielding  also  one  to 

In  every  case  the  fateful  atom  was  either  three  spare  neutrons  plus  energy.  Thus 
uranium  235  (U235),  or  plutonium  de-  these  ^sionable  materials  supply  both 
rived  from  the  action  of  U235  on  U238.  their  own  bullets  and  a  highly  sensitive 
Every  pound  of  U235  atoms  split  in  these  lot  of  high-explosive  targets  —  a  perfect 
unprecedented  blasts  yielded  the  energy  setup  for  a  chain  reaction  (Fig.  2). 
of  11.4  million  kilowatt-hours,  or  1400  Chain  reactions  work  like  chain  letters, 
tons  of  coal  —  slightly  more  for  plutonium.  Neutrons  from  one  nuclear  explosion  hit 
No  matter  where  one  mines  uranium  and  explode  other  nuclei.  But,  since  atoms 

ore,  the  purified  natural  uranium  (Fig.  1)  are  mostly  open  spaces  a  chain  started  in 

always  contains  99.3%  of  the  **garden**  a  small  block  of  U235  or  plutonium  quick- 

variety  U238,  and  a  mere  0.7%  of  the  ly  dies  out  because  most  of  the  released 

precious  U235.  neutrons  escape  from  the  block. 

An  atom  is  like  our  solar  system.  The  The  bigger  the  block,  the  smaller  will 
central  sun  is  the  nucleus— a  bunched  be  the  percentage  of  escaping  neutrons, 

mass  of  protons  and  neutrons,  each  weigli-  and  the  more  left  to  split  other  nuclei, 

ing  one  unit.  The  planets  are  electrons.  When  the  block  is  rapidly  built  up  beyond 
Each  proton  has  one  plus  electrical  charge  a  certain  secret  size  the  fragments  of  1000 
—  each  electron  an  equal  negative  charge,  nuclear  fissions  split  many  more  than  1000 
There  must  be  as  many  negative  electron  additional  nuclei.  Then  fissions  multiply 
planets  as  positive  protons  in  the  nucleus,  geometrically,  and  the  block  disintegrates 
This  is  also  the  “number”  of  the  atom,  with  explosive  speed  and  violence  —  as  in 
Neutrons  have  no  charge,  but  add  weight,  a  bomb  (Fig.  3). 

The  atomic  number  of  uranium  is  92  This  bomb  explosion  is  a  fast-neutron 
because  the  uranium  atom  always  has  92  chain.  For  economy  and  ease  of  control, 
nuclear  protons  and  92  electron  planets,  uranium  piles  for  the  gradual  release  of 
The  isotopes  U238  and  U235  differ  only  in  nuclear  energy  for  commercial  purposes 
the  number  of  neutrons;  U238  has  146  will  normally  use  a  lean  fuel  — that  is 
neutrons,  and  weighs  92  +  146  =  238  U235  or  plutonium  diluted  with  U238, 

units.  U235  has  143  neutrons,  and  weighs  thorium  or  other  less  costly  materials. 

92  +  143  =  235  units.  To  maintain  a  chain  reaction  such  piles 

Ordinary  chemical  reactions,  such  as  must  be  large  and  artificially  stimulated 
TNT  explosions,  release  only  a  fraction  of  by  using  carbon  blocks  or  some  other 

moderator  (Fig.  4)  to  slow  many  of  the 
neutrons.  Slow  neutrons  make  more  hits 
than  fast  neutrons  because  there  is  more 
time  for  them  to  be  swerved  from  a 
straight  path  by  the  attraction  of  nearby 
nuclei,  as  shovm  below. 


9e  ELECTION 
PLANETS 


NUCLEUS 


•  SE  PROTONS  149  NEUTRON^ 
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try  it  out  before  Year  10  of  the  Atomic 
Age.  Plants  far  from  traditional  sources 
of  fuels  may  turn  much  sooner  to  uranium 
and  thorium  as  concentrated  heat  sources, 
that  may  easily  be  transported  even  to 
remote  comers  of  the  earth. 

Atomic  power,  in  forms  now  known,  is 
impracticable  for  automobiles  and  small 
airplanes,  because  of  the  large  initial  in¬ 
vestment  in  uranium  and  the  need  to  carry 
50  tons  of  shielding  to  protect  riders  and 
pedestrians  against  the  deadly  radioac¬ 
tivity  accompanying  nuclear  fission. 


.hk  fateful  L235  ATOM  Can  serve  man 
jas  a  new,  compact  source  of  heat  energy 
for  power  generation,  comfort  heating  or 
industrial- processing.  Peacetime  applica¬ 
tions  of  atomic  energy  will  use  dilute 
U235  or  plutonium  as  a  “fuel,**  mixed  with 
carbon  or  some  other  moderator  to  slow 
M)me  of  the  neutrons  and  thus  keep  the 
chain  reaction  going. 

The  diluting  agent  may  be  either  U238 
or  thorium,  or  both.  These  will  do  double 
duty,  because  neutron  bullets  convert 
U238  into  the  energy-yielding  plutonium, 
and  thorium  into  U233,  which  may  prove 
equally  serviceable. 

Thus  the  commercial  piles  of  the  future 
will  “bum**  U235  to  make  other  atomic 
fuels,  plutonium  and  possibly  U233,  which 
in  turn  will  deliver  heat  energy  to  the  pile. 
In  that  way  it  will  be  possible  to  get  from 
the  pile  far  more  heat  than  the  equivalent 
of  1400  tons  of  coal  for  each  pound  of 
U235  split.  This  highly  attractive  prospect 
will  speed  the  day  when  nuclear  energy 
can  compete  with  coal. 

While  already  mechanically  obsolete, 
the  piles  making  plutonium  for  bombs  at 
Hanford,  Wash.  (Fig.  1)  reveal  the  basic 
principle  on  which  future  piles  for  power 


RADIOACTIVE  ISOTOPES 

More  immediately  important  than  the 
heat  and  power  applications  of  nuclear 
energy  are  the  services  that  the  radioac¬ 
tive  byproducts  of  pile  operation  can  ren¬ 
der.  Because  these  materials  act  chemic¬ 
ally  like  their  ordinary  non-radioactive 
cousins,  but  can  be  followed  and  detected 
easily,  they  are  expected  to  play  tremen¬ 
dously  vital  parts  in  medicine  and  biology'. 
For  more  details,  see  the  last  page  of  this 
section. 
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Con  moke  plutonium  for  bombs— or  heat  for  power,  process 
ond  comfort 
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report  vaguely  suggests  that  it  is  more 
than  4  lb  and  less  than  200  lb.  Each  piece 
of  U235  in  the  dormant  bomb  must  weigh 
less  than  X.  At  the  desired  instant  of  ex¬ 
plosion  the  bomb  mechanism  assembles 
these  pieces  rapidly  into  a  single  piece 
considerably  heavier  than  X. 

The  explosion  itself  drives  the  U235 
pieces  apart,  thereby  quenching  the  atom¬ 
ic  conflagration  before  all  tlie  atoms  are 
split,  so  the  bomb  efficiency  is  far  less  than 
100%.  For  each  pound  of  U235  (or  pluton- 
iiun)  atoms  actually  split,  the  bomb  re¬ 
leases  the  energy  of  1400  tons  of  coal. 

This  explosion  is  mainly  ordinary  heat 
at  work  in  unprecedented  concentration. 
Bomb  metals  become  incandescent  vapor 
millions  of  degrees  hot.  This,  and  the  en¬ 
veloping  sphere  of  glowing  air,  radiate  a 
blinding  flash  that  chars  human  flesh  at 
half  a  mile  and  blisters  at  over  a  mile. 
There  is  a  destructive  shock  wave  (sound) 
and  a  second-long  hurricane  of  unimagin¬ 
able  force  —  the  outrushing  of  the  expand¬ 
ing  heated  air.  Deadly  neutrons  and 
gamma  rays  speed  out  from  the  bomb. 

A  single  atomic  bomb  killed  about  100,- 
000  at  Hiroshima.  Fewer  died  at  Nagasaki 
only  because  the  circle  of  potential  de¬ 
struction  included  much  vacant  land. 
Bombs  ten  times  more  powerful  can  be 
made  by  the  thousands  in  any  major  in¬ 
dustrial  country  with  the  plants  and  the 
know-how.  One  bomb  could  saturate  Min¬ 
neapolis  or  downtown  Manhattan. 

Many  experts  estimate  that  a  complete 
set  of  American  atomic  “secrets”  and 
blueprints  might  save  a  foreign  power  two 
to  three  years  at  best  in  its  race  for 
atomic  arms.  With  no  help  at  all  from  us, 
any  advanced  industrial  nation  can,  in  five 
to  ten  years,  acquire  the  raw  materials, 
the  plants,  the  know-how  and  enough 
bombs  to  knock  out  the  big  cities  of  any 
other  country  overnight.  In  Year  2  of  the 
Atomic  Age  this  arms  race  is  already  on. 

It  will  not  fail  for  lack  of  raw  materials; 
every  country  has  lean  ores  worth  working 
for  bombs. 

THE  CHEAPEST  DEATH 

Cost  need  not  deter,  for  the  atomic  bomb 
is  by  far  the  cheapest  method  of  destruc- 
tion  ever  devised.  General  H.  H.  Arnold 
estimates  that  atomic  bombs  can  be  manu- 


URANIUM  235  and  plutonium  are  now 
man*8  slaves.  They  will  build  or  de¬ 
stroy  as  he  orders.  Man  dreads  this  vast 
force  only  because  he  distrusts  himself. 
War  is  proof  that  man  in  the  mass  has 
never  achieved  self-control.  He  has  always 
sought  better  weapons;  yet  the  perfect 
weapon  now  brings  him  no  satisfaction  for 
he  sees  in  the  atom  bomb  his  own  destruc¬ 
tion  as  well  as  that  of  his  enemy. 

The  ultimate  benefits  of  nuclear  energy 
may  well  surpass  its  present  terrors,  but 
the  terrors  are  here  now  in  awful  dimen¬ 
sion,  and  man  must  face  them.  He  must 
pay  this  price  for  unlocking  the  wealth  of 
the  inner  atom. 

ATOMIC  BOMB 

This  page,  then,  is  about  the  atomic 
bomb.  Nothing  will  be  said  here  that  is 
not  either  a  certified  scientific  fact  or  a 
conclusion  shared  by  the  majority  of  the 
leading  scientists,  engineers  and  states¬ 
men  who  have  studied  the  matter. 

As  already  explained,  an  explosive  nu¬ 
clear  chain  reaction  spontaneously  sweeps 
through  a  block  of  U235  or  plutonium 
when  tlie  block  is  rapidly  enlarged  beyond 
a  certain  “critical”  weight  X.  That  weight 
is  still  a  military  secret;  the  official  Smyth 


A  single  improved  atomic  bomb  can 
devastate  ten  square  miles  of  city 


factured  and  delivered  for  less  than  |S00.- 
000  per  square  mile  of  destruction. 

Don’t  be  misled  by  the  two  billion  dol- 
lars  America  spent  on  a  project  that 
dropped  only  two  bombs  on  the  enemy. 
New'  plants  can  be  built  at  a  fraction  nf 
wartime  cost,  and  the  investment  spread 
over  thousands  of  bombs,  not  just  two. 

NO  DEFENSE 

So  the  bombs  can  be  made  in  ample 
quantity  and  paid  for,  but  can  they  he 
delivered?  The  answer  is:  “Yes;  by  the 
time  the  bombs  are  ready  they  can  be  de¬ 
livered  anywhere  and  overnight.”  If  the 
defenses  of  the  target  country  are  weak, 
piloted  planes  can  get  through  in  ample 
number.  Ten  percent  would  be  enough. 

For  more  effective  delivery  radio-ste<‘rcd 
pilotless  planes  and  rockets  can  carry  the 
atom  bombs  faster  than  sound.  Such  weap¬ 
ons  will  be  almost  untouchable  by  either 
antiaircraft  artillery  or  manflown  fighters. 

Greatest  threat  of  all  will  be  the  trans¬ 
oceanic  rockets.  The  German  V-2  rocket, 
which  never  once  was  stopped  by  Britain's 
defenders,  points  one  way.  It  needs  only 
transatlantic  range  (with  atomic  propul¬ 
sion)  and  an  atomic  bomb  in  the  no«e. 
Forty-six  feet  long,  loaded  with  7500  lb 
of  alcohol  fuel  and  11,000  lb  of  liquid 
oxygen,  the  V-2  of  World  War  II  rose  OO 
miles  in  the  air  and  arced  200  miles  in  five 
minutes  to  deposit  one  ton  of  TNT  in 
London. 

Seeing  so  many  strange  things  come  to 
pass,  the  man  in  the  street  cannot  distin¬ 
guish  between  possible  miracles  and  the 
impossible  variety.  From  the  very  start  of 
the  Atomic  Age  he  has  been  hoping  for  a 
“ray”  that  will  explode  the  atom  bomb  fat 
off.  Competent  scientists  and  engineers  say 
that  caimot  be. 


There  is  no  known 
defense  againstthe 
atomic  rocket  at¬ 
tacking  at  mile- 
per- second  speed 


The  only  way  to  bring  down  a  3500- 
mile-per-hour  rocket  at  a  safe  distance  is 
to  chase  it  with  your  own  4000-niph  rocket. 
You  can’t  win  at  this  game  often  enough 
to  establish  ironclad  protection. 

The  only  specific  defense  against  the 
atomic  rocket  known  in  Year  2  of  the 
Atomic  Age  is  to  disperse  all  cities  and 
put  key  industries  underground.  This 
would  be  very  costly  in  time,  money  and 
national  morale. 

MORE  AND  BETTER  BOMBS? 

Some  will  ask  whether  the  U.S.,  as  the 
most  powerful  industrial  nation,  could  not 
build  more  and  better  bombs  and  carriers 
than  any  other  nation.  Probably  yes,  but 
there  is  still  no  real  security.  If  the  “weak” 


opponent  has  enough  atomic  weapons  tO 
destroy  us  once,  what  advantage  is  there 
in  being  able  to  destroy  him  twice? 

Shooting  first  could  protect  us  now,  but 
not  after  the  world  is  atomically  armed. 
If  we  were  to  destroy  the  enemy’s  cities, 
we  would  probably  miss  his  well-concealed 
and  protected  bomb  magazines  and  rocket 
launchers.  A  few  minutes  later  he  could 
return  the  atomic  fire.  In  brutal  simplic¬ 
ity,  that  is  the  picture  of  future  atomic 
war.  Everybody  loses. 

At  this  point  one  grasps  at  another 
straw:  “If  everybody  is  to  lose  who  would 
be  so  foolish  as  to  start  an  atomic  war? 
And  didn’t  the  Germans  refrain  from  us¬ 
ing  gas  for  a  similar  reason?”  Possibly 
yes.  It  may  work  that  way.  But  in  a  world 


atomically  armed  to  the  teeth  some  ner¬ 
vous  finger  may  pull  the  fatal  trigger, 

ONLY  ONE  WAY  OUT 

Throughout  history  each  new  offensive 
weapon  has  called  out  its  appropriate  de¬ 
fense.  But  now  the  offense  leaps  centuries 
ahead  in  a  single  bound  and  the  defense 
lies  almost  helpless  everywhere,  unless 
some  technical  protection,  unknown  as 
Year  2  begins,  can  be  de^^sed. 

The  situation  is  extremely  dangerous. 
There  is  no  clear  way  out  except  through 
some  sort  of  international  action  first  to 
stop  the  atomic  arms  race  and,  before  it 
is  too  late,  to  hobble  war  itself. 

Can  it  be  done?  Perhaps  not,  but  there 
is  no  alternative  except  atomic  chaos. 


The  numberfd  statements  that  follow  in 
somewhat  logical  pattern  are  too  fateful 
to  be  accepted  on  anybody’s  say-so.  Every 
reader  should  test  them  in  the  light  of  his 
own  information  and  understanding. 

The  points  below  sum  up  the  conclu¬ 
sions  of  the  previous  article  —  and  these  in 
turn  reflect  a  great  mass  of  thought  and 
discussion  among  leading  scientists,  engi¬ 
neers  and  statesmen  close  to  the  problem. 
To  an  amazing  degree  they  concur  on  both 
facts  and  conclusions.  For  authoritative 
statements  of  their  line  of  thought,  in  de¬ 
tail  not  possible  here,  the  reader  should 
see  the  recent  hook.  One  W arid  or  None. 


THE  DILEMMA 

Nations  must  either  face  the  probability  of  an  atomic  World  War 
m,  which  would  surely  be  the  most  deadly  in  history  •  .  . 

Or,  the  experts  propose,  yield  both  atomic  weapons  and  war  {po¬ 
tential  to  international  authority  hacked  by  superior  force. 


What  the  Experts  Soy 

1.  In  five  to  ten  years  any  major  in¬ 
dustrial  nation  can  make  enough  atom 
bombs  to  destroy  all  the  major  cities  of 
any  other  country  overnight. 

2.  This  assumes  no  “secret”  information 
or  odier  help  from  us. 

3.  The  necessary  uranium  ores  vrill  be 
at  hand. 

4.  The  cost  will  not  be  too  high. 

5.  The  bombs  produced  can  then  be  car¬ 
ried  tliousands  of  miles  by  bombers,  or 
by  atomically  powered  guided  missiles 
moving  faster  than  sound. 

6.  There  will  probably  be  no  effective 
military  defense  against  such  weapons. 

7.  Dispersing  cities,  and  putting  key  in¬ 
dustries  deep  underground,  will  give 
^ome  protection  if  accomplished  in  time. 


hut  at  incredible  cost  in  money  and 
human  discomforL 

B.  In  a  world  atomically  armed,  nations 
can  probably  protect  their  bomb  stocks 
and  rocket  laimchers  from  enemy  assault. 

9.  If  so,  nation  A  can  destroy  the  cities 
of  any  other  nation  B,  after  which  B*8 
rockets  will  destroy  the  cities  of  A. 
Shooting  first  will  not  win  an  atomic  war. 

10.  This  knowledge  may  not  restrain  the 
trigger  finger  of  a  suspicions  power. 

11.  Having  more  and  better  atomic 
weapons  than  tlie  other  fellow  wonY  help 
much  if  he  has  enough  to  destroy  us.  No 
nse  to  kill  a  man  twice  or  rebomb  urban 
ruins. 


after)  international  control  of  all  war 
potential,  both  backed  by  superior  physi¬ 
cal  power. 

14.  If  action  to  this  end  is  long  delayed, 
it  may  become  impossible  to  halt  the 
atomic  arms  race  already  started. 

15.  At  best,  the  necessary  degree  of  in¬ 
ternational  control,  with  some  real  dele¬ 
gation  of  national  sovereignty,  will  be  a 
revolution  in  human  affairs.  It  may  prove 

to  be  humanly  unobtainable  at  this  time.  ? 
If  BO,  men  and  women  everywhere  must  | 
face  the  probability  of  an  atomic  third  ! 
world  war— by  far  the  most  destructive  \ 
in  all  history,  I 


12.  Every  nation  is  vulherable  in  the 
Atomic.  Age,  including  the  U.  S.  A. 

13.  National  security  wrill  l>e  impossible 
without  (first)  international  control  of 
atomic  arms  and  (not  too  long  there- 
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In  this  atomic  age  no  nation  can  be  safe  through  its  own  unaided  might 


Atom  year  1  has  probably  been  marked 
by  more  debate  on  a  single  subject 
than  any  other  twelve  months  in  the 
world’s  history.  Social,  economic  and  poli* 
tical  as  well  as  purely  technical  issues 
have  been  pressing  for  realistic  solution. 
Let  us  look  at  these  issues  and  see  where 
we  stand: 


out  of  all  phases  of  atomic  energy— even 
of  the  scientific  fundamentals  of  nuclear 
physics.  Others  have  sought  immediate 
and  complete  disclosure  of  all  bomb  **se- 
crets,”  both  scientific  and  technological. 
These  have  held  that  such  information 
cannot  be  effectively  hidden,  that  secrecy 
blocks  progress  and  breeds  wars. 

A  year  of  debate  has  brought  the  great 
mass  of  vocal  opinion  to  this  middle 
ground:  (1)  Ease  restrictions  on  the  ex¬ 
change  of  basic  physical  knowledge.  (2) 
Release  for  industry’s  benefit  many  of  the 
Throughout  the  first  year  of  the  Atomic  devices  and  methods  developed  for  the 
Age  hot  debate  has  raged  around  *‘keep«  bomb  project.  (3)  Hold  tight  to  special- 
ing  the  secret  of  the  bomb.”  To  prevent  ized  information  on  atomic  bombs  and 
potential  enemies  from  making  atom  bomb-material  production  until  interna- 

bombs  some  have  urged  a  complete  black-  tional  safeguards  are  fully  operative. 


SECREa  vs.  FREE  SCIENG 
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DOMESnC  CONTROL  AS  PLANNED  IN 
THE  ATOMIC  ENERGY  BIU  OF  1946 


Because  the  atomic  bomb  is  the  world’s 
greatest  weapon,  the  armed  forces  would 
like  to  control  it.  But  because  atomic 
energy  cim  also  be  used  for  peaceful, 
beneficial  purposes,  civiliiui  control  seems 
equally  essentiaL  These  conflicting  view¬ 
points  had  their  strong  proponents  before 
the  Congress  which  finally  reached  a  fair¬ 
ly  satisfactory  compromise  in  the  Atomic 
Elnergy  Bill  of  1946,  setting  up  a  com¬ 
petent  civil  board  with  which  the  armed 
forces  will  have  continuing  liaison.  As  we 
go  to  press,  just  before  Year  2  of  the 
Atomic  Age  begins,  this  bill  has  passed 
the  Senate,  but  there  is  still  a  question 
how  rapidly  it  will  be  enacted  into  law. 


A4cMabon  Commrttee  Bill  contains  the  following  provisions. 


Industrial  Utilization.  Pennits  AEC 
to  conduct  research,  design  and  manu¬ 
facture  equipment  for  atomic-energy 
utilization,  license  its  use,  produce  and 
sell  power  obtained  as  a  byproduct  in 
the  production  of  fissionable  materials. 
Directs  AEC  to  give  widest  safe  scope 
to  private  initiative. 


Policy.  Declares  it  the  policy  of  the 
U.  Sw  to  develop  and  utilize  atomic  en¬ 
ergy  to  improve  the  public  welfare, 
increase  living  standards,  strengthen 
competitive  enterprise  and  promote 
world  peace. 


Organization.  Establishes  die  Atomic 
Energy  Commission  (AEC)  of  five  ad¬ 
ministrators  to  direct  four  divisions  on 
research,  production,  engineering,  and 
military  applications— to  work  in  liaison 
with  three  committees  from  (1)  the 
armed  forces,  (2)  outstanding  civilians, 
and  (3)  joint  Congressional  representa¬ 
tives. 


Control  of  Information.  AEC  to  en¬ 
force  a  ban  on  the  dissemination  of  re¬ 
stricted  data  that  might  be  used  to  in¬ 
jure  the  U.  S.  or  secure  advantage  to  a 
foreign  nation,  yet  to  provide  leeway 
for  ultimately  relaxing  restrictions  as 
future  conditions  warrant. 


Patents  and  Inventions.  No  private 
patents  permitted  for  production  of  fis¬ 
sionable  materials  or  their  utilization 
for  military  weapons,  but  AEC  will 
justly  compensate  for  such  inventions, 
when  made  by  private  citizens.  Patents 
for  nonmilitary  applications  may  be 
purchased  or  condemned  by  the  AEC 
only  when  public  interest  is  affected. 


Production.  AEC  to  own  and  operate 
(under  management  contracts  with  in¬ 
dustry  if  deemed  desirable)  all  facili¬ 
ties  for  die  production  of  fissionable 
materials,  such  products  to  be  distrib¬ 
uted  with  their  radioactive  byproducts 
under  license  for  private  industrial  and 
medical  research. 


PRIVATE  YS.  PUBUC 


Atomic  energy  is  “too  big**  and  “too 
hot”  to  be  handled  privately.  It  must  be 
nationalized  and  internationalized.  The 
questions  are  how  and  to  what  extent. 
Fortunately,  as  the  “boxes”  on  these  pages 
show,  there  are  means  that  may  attain 
reasonable  safety  against  misuse  of  the 
atom,  emd  still  do  so  without  public  con¬ 
trol  of  many  “non-dangerous”  applica¬ 
tions. 


Appit^riatlons.  “Such  sums  as  may 
bo  necessary  and  appropriate  to  carry 
out  the  purposes  and  provisions  of  the 
act”  plus  unexpended  funds  of  the 
Manhattan  Engineer  District. 


Military  Application.  AEC  to  engage 
in  development  work  and  prodnee 
atomic  bombs  as  directed  by  the  Presi¬ 
dent,  to  be  delivered  only  on  his  order 
to  the  Armed  Forces. 


NATIONAL  VS.  INTERNATIONAL 

Born  of  nationalism,  the  Atomic  Age 
began  when  three  nations  discovered  a 
weapon  that  today  gives  them  the  great* 
est  military  power  on  earth.  The  prime 
question  is:  Shall  the  atom  remain  the 


servant  of  its  conqueror,  nationalism? 

During  Year  1  of  the  Atomic  Age  the 
Truman*Atlee*King  declaration,  the  mas* 
terly  report  of  the  State  Department’s 
atomic  consultants,  and  the  U.S.  represen¬ 
tative  on  the  United  Nations  Atomic 
Energy  Commission,  have  all  called  for 
international  control  of  atomic  energy. 
Year  2  will  start  with  no  such  control. 
This  failure  to  decide  and  act  is  in  part  a 
natural  result  of  the  extreme  difiBculty  of 
the  problem  and  the  obvious  dangers  of 
unwise  decisions.  Nations  everywhere  face 
a  triple  dilemma  in  this  Atomic  Year  2: 
the  dangers  of  nationalism,  the  dangers 
of  internationalism,  the  supreme  danger 
of  not  being  able  to  make  any  decision  in 
time  to  meet  the  atomic  bomb  threat. 
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TIMnABU-ATOM  YEAR  1 


Leading  industrial  nations  can  pro¬ 
duce  atomic  bombs  in  five  years,  com¬ 
petent  scientists  announced  after 
Hiroshima.  Already  one  year  of  the 
precious  five  has  been  consumed  in 
debate  without  international  action. 
Soon  it  may  be  too  late  to  check  the 
growing  momentum  of  the  atomic 
arms  race. 


1.  July  16,  1945.  World's  first 
atomic  bomb  detonated  in  New 
Mexico. 


2.  July  26,  1945.  President  Tru¬ 
man  and  Prime  Minister 
Churchill  issue  Potsdam  ulti¬ 
matum  threatening  Japan's  de¬ 
struction  if  she  continues. 


3.  August  6,  1945.  Atomic  bomb 
dropped  on  Hiroshima. 

4.  August  9,  1945.  Atomic  bomb 
hits  Nagasaki. 

5.  August  11, 1945.  Army  releases 
Smyth  Report  on  ** Atomic  En¬ 
ergy  for  Military  Purposes.” 

6.  August  14, 1945.  Japan  accepts 
terms  of  Potsdam  declaration. 

7.  November  15,  1945.  Truman- 
Atlee*King  issue  declaration  of 
intention  and  procedures  look¬ 
ing  toward  international  con¬ 
trol  of  atomic  energy  by 
United  Nations. 


8.  March  28,  1946.  State  Depart¬ 
ment  issues  Acdieson-IJlienthai 
Report  on  the  ^^International 
Control  of  Atomic  Energy.” 

9.  April  12,  1946.  Manhattan  En¬ 
gineer  District  announces  pro¬ 
gram  for  experimental  devel¬ 
opment  of  atomic  power. 

10.  June  1,  1946.  “Atomic  Energy 
Bill  of  1946^  passes  Senate 
unanimously,  is  referred  to 
House  of  Representatives. 

11.  June  14,  1946.  First  meeting  of 
United  Nations  Atomic  Energy' 
Conunission  (Bernard  Baruch 
as  American  member).  Manhat¬ 
tan  District  announces  availa¬ 
bility  of  radioactive  isotopes  for 
research  use. 


12.  July  1946.  Joint  Army-Navy 
tests  of  atomic  bombs  at  Bikini. 


INTERNATIONAL  CONTROL  AS  PROPOSED 
BY  THE  U.S.  TO  U.N.  ATONUC  COMMISSION 

Baruch  stafement  follows  consfructivo  path  laid  out  by  Atomic 
Consultants  in  *‘Acheson-Lilienthat  Report/’ 


The  Plan.  The  U.  S.  has  proposed  that 
all  nations  hand  together  to  outlaw  the 
use  of  atomic  energy  for  war  and  to 
promote  and  harness  its  development 
for  the  benefit  of  mankind.  To  this  end 
an  International  Atomic  Development 
Authority  would  be  set  up,  and  to  it 
the  U.  S.  would  turn  over,  at  various 
stages  of  its  organization,  all  atomic 
bombs,  know-how,  raw  materials,  facili¬ 
ties,  and  stockpiles  of  fissionable  mate¬ 
rial.  Thus  lADA  eventually  would 
supersede  national  authorities  on  some 
matters  and  supplement  them  on 
others. 

Owner  and  Operator.  lADA  would 
take  over  from  national  authorities  or 
private  ownership  full  management  and 
control  of  all  atomic  energy  matters 
that  afford  a  possible  threat  to  World 
security.  These  include: 

1.  Raw  Materials— Supplies  of  ura¬ 
nium  and  thorium  to  be  inventoried, 
controlled,  and  developed  by  LADA. 

2.  Facilities— lADA  to  control  and 
operate  plants  producing  fissionable 
materials  and  to  own  and  control 
their  products. 

3.  Research— I  AD  A  to  undertake  re¬ 
search  and  development  on  all  as¬ 
pects  of  atomic  energy  and  to  possess 
exclusive  right  of  research  on  atomic 
explosives. 


Private  Initiative.  Will  have  its 
chance  to  push  forward  the  use  of 
atomic  energy  for  peacetime  (non-dan- 
gerous)  purposes.  With  I  AD  A  provid¬ 
ing  raw  materials  and  carrying  out 
necessary  inspection,  national  and 
private  enterprise  may  operate  “safe” 
power  piles,  and  produce  and  use  radio¬ 
active  isotopes  for  research,  clinical 
and  other  applications.  Radioactive 
isotopes  produced  by  lADA  also  can 
be  distributed  for  peacetime  use. 

The  Mechanics  of  Safety.  No  plan 
is  a  certain  guarantee  against  future 
atomic  war.  This  plan  should,  however, 
prevent  surprise  attack  with  atomic 
weapons;  for  LADA  is  to  buttress  posi¬ 
tive  ownership  or  management  controls 
with  wide  powers  of  inspection.  Obvi¬ 
ously,  successful  inspection  rests  on 
complete  freedom  of  access  or  egress 
in  any  area. 

Sanctions.  At  the  heart  of  the  plan 
lies  the  problem  of  penalty  for  viola¬ 
tion  —  a  matter  for  profound  statecraft. 
To  the  U.  S.,  one  aspect  of  sanctions 
appears  crystal  clear:  Here  is  an  area 
where  the  veto  right  now  held  by  the 
five  great  Powers  must  be  redefined  if 
it  is  not  to  be  incompatible  with  the 
meaning  and  purpose  of  the  proposed 
control. 
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IF  MUTUAL  DESTRUCTION  by  the  atomic 
bomb  can  be  avoided,  the  first  century 
of  the  atomic  age  will  bring  immense  ad« 
vances  in  scientific  knowledge,  health  and 
living  standards.  Already  many  prospec¬ 
tive  benefits  can  be  outlined,  but  those  we 
can  neither  foresee  nor  suspect  may  be 
even  more  importanL 

'rhis  prediction  is  grounded  in  scientific 
experience;  the  most  fundamental  discov¬ 
eries  have  always  been  the  most  fruitful. 
The  study  of  molecules  gave  us  chemistry. 
Faraday’s  experiments  with  electricity 
and  magnetism  are  the  foundation  stones 
of  the  great  electrical  industry.  Can  one 
expect  any  less  from  an  understanding  of 
the  heart  of  every  atom? 

BENEFITS 

Atom-splitting  benefits  clearly  visible 
today  fall  mainly  in  three  classes:  (1) 
heat  and  power  applications  of  the  ura¬ 
nium  piles;  (2)  general  industrial  applica¬ 
tions  of  equipment  and  methods  originally 
developed  for  the  bomb  project;  (3)  chem¬ 
ical,  biological  and  medical  uses  of  the 
“tagged  atoms”  (radioactive  isotopes) 
now  abundantly  available  from  pile  opera¬ 
tion. 

It  is  now  evident  that  the  energy  yield 
of  the  U235  in  an  atomic  pile  can  be 
multiplied  many  times  by  returning  to  (or 
leaving  in)  the  pile  the  plutonium  and 
possibly  the  U233  produced  respectively 
from  the  U238  and  the  thorium  in  the  pile. 
This  is  an  indirect  way  to  “bum”  inex¬ 
pensive  U238  and  thorium,  and  thus 
greatly  extend  the  supply  and  reduce  the 
cost  of  atomic  fuels. 

POWER  APPUCA7IONS 

Although  present  piles  run  at  low  tem¬ 
peratures,  it  is  certain  that  temperatures 
high  enough  for  the  efficient  operation  of 
steam  and  gas  turbines  will  be  attained. 
Already  an  experimental  atomic  power 
plant  has  been  ordered.  Atomic  power  for 
certain  remote  installations  (say,  for  heat¬ 
ing  Arctic  airports)  may  pot  be  far  offi 


In  five  or  ten  years  uranium  piles  will 
be  driving  a  few  experimental  ships  and 
submarines.  In  20  or  30  years  uranium 
may  begin  to  compete  widely  with  coal  as 
a  fuel  for  suitably  situated  large  central 
heating  and  power  plants.  The  50-ton  min¬ 
imum  weight  of  shielding  rules  out  nu¬ 
clear  power  for  automobiles  and  small 
piloted  planes. 

SPECIAL  USES 

Some  day  ultra-high  temperatures  from 
splitting  atoms  will  be  used  for  special 
industrial  operations  on  metals  and  other 
materials.  Even  the  dread  atomic  bomb 
might  easily  serve  peaceful  ends  — blast¬ 
ing  lakes  in  deserts,  changing  the  course 
of  rivers,  leveling  mountains. 

INDUSTRIAL  BYPRODUCTS 

The  special  industrial  equipment  and 
methods  developed  for  the  bomb  project 
will  find  hundreds  of  important  uses  — 
mostly  for  purposes  unrelated  to  atomic 
energy.  These  developments  include 
pumps  with  neither  seals  nor  leaks,  leak 
detectors  of  amaring  sensitivity,  ultralight 
welding,  a  portable  mass  spectograph  for 
quick  and  automatic  gas  analysis,  new 
ways  of  handling  corrosive  and  poisonous 
materials,  new  diffusion  barriers  for  the 
separation  of  gases  and  of  petroleum 
products. 

TAGGED  ATOMS 

Yet  more  important  than  any  of  these, 
in  the  long  run,  will  be  the  hundreds  of 
radioactive  isotopes  now  available  as  by¬ 
products  of  pile  operation.  Chemically  in¬ 
distinguishable  from  the  ordinary  forms 
of  the  elements,  these  isotopes  serve  as 
tagged  atoms  or  “spies”  if  mixed  with 
common  stable  atoms  of  the  same  species. 
They  “fly  with  the  flock,”  and  can  later 
be  identified  as  surely  as  banded  birds. 
With  these  amaring  tools  of  research,  the 
course  of  any  element  or  compound  may 
be  traced  through  the  bodies  of  men,  ani¬ 
mals  and  plants:  Similarly,  tagged  atoms 


may  be  used  in  studying  the  course  of 
many  kinds  of  industrial  and  chemical 
operations. 

BIOIOOY  AND  MEDICINE 

A  suspected  hyperthyroid  condition  can 
be  diagnosed  by  feeding  the  patient  a 
minute  measured  amount  of  radioactive 
iodine.  The  click  of  a  “Geiger”  counter 
placed  on  the  patient’s  neck  will  tell  (1) 
what  percentage  of  the  swaUowed  iodine 
concentrates  in  the  thyroid  cells  and  (2) 
how  rapidly  that  concentration  is  ac¬ 
complished  —  giving  a  definite  indication 
of  the  state  of  the  gland. 

In  similar  fashion  the  radioactive  iso¬ 
topes  of  hydrogen,  oxygen  and  carbon 
will  trace  out  the  intricate  transformations 
of  carbohydrates  and  proteins  in  the  hu¬ 
man  body.  Radioactive  phosphorus  ivill 
explore  the  bones.  Radioactive  iron  will 
show  how  and  where  blood  cells  are 
formed.  Radioactive  sodium  will  time  the 
circulation  of  blood. 

USES  IN  INDUSTRY 

In  chemistry  the  radioactive  isotopes 
will  speed  the  understanding  of  metal¬ 
lurgical  and  organic  reactions.  In  industry 
they  will  measure  flow,  detect  leaks,  and 
do  other  useful  work. 

Meanwhile  the  uranium  piles  will  be 
manufacturing  certain  radioactive  isotopes 
that  can  serve  as  cheap  but  effective  sub¬ 
stitutes  for  high-cost  medical  radium. 

KNOWLEDGE  COMES  FIRST 

It  is  already  clear  that  the  chief  benefits 
of  atom  splitting  wiU  come  first  as  new 
scientific  knowledge  rather  than  as  new 
engines  and  gadgets.  But  in  the, long  run 
man’s  new  understanding  of  the  inner 
atom  will  enrich  the  whole  range  of 
human  activity.  This  has  always  been  the 
case  with  less  fundamental  discoveries 
in  science.  It  can  hardly  be  less  with 
this  most  fundamental  discovery. 


ATOM  SP1ITTIN6  WILL  SERVE  MAN  IN 
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IN  THE  BROADCASTING  STATIONS  throughout  the  nation,  when  a  live  program  is  recorded  lor  broadcast  — 
when  an  'off-the-air  program  is  recorded  for  rebroadcast— when  recordings  are  made  for  clients  or  for  rehearsal  and 
audition  purposes  —  when  recordings  are  made  for  reference  files  —  in  fact  when  any  recording  work  is  done, 
Audiodiscs  are  used  ihree  to  one. 


TTiis  outstanding  preference  for  Audiodiscs  has  been  recently  confirmed  by  a  double-check  survey  covering  400 
radio  stations.  Approximately  half  these  stations  were  called  upon  and  reported  the  actual  number  of  discs  used— 
Audiodiscs  and  others.  The  remainder  reported  by  letter  stating  the  proportion  of  Audiodiscs  used  to  all  other 
makes.  In  the  first  group  the  Audiodisc  percentage  was  81,  in  the  second  78%. 
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Since  first  produced,  these  fine  discs  have  consistently  maintained  those  qualities  required  in  the  increasingly 
important  work  of  radio  recording.  Thus  Audiodiscs  have  gained  their  place  of  eminent  leadership  in  the  field  of 
sound  reproduction. 

Audiodiscs  are  manufactured  in  the  U.S.A.  under  Exclusive  License  from  La  Societe^des  Vernis  Pyrolac-^France. 


AUDIO  DEVICES,  INC.,  444  Madison  Ave.,  New  York  22,N.Y. 
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If  any  of  the  publications  listed  below  are  not 
in  your  Engineering  Library,  contact  your 
Mallory  representative.  He'll  be  glad  to  make  up 
a  special  portfolio. 

Approved  Precision  Products  Catalog  •  Electrical 
Contact  Catalog  •  fllectrical  Contact  Data  Book 
($2.50)  •  Capacitor  Catalog  •  AC  Capacitor  Data 
Folder  •  Grid  Bias  Cells  Data  Folder  •  Heavy 
Duty  Rectifier  Catalog  •  RN  Resistor  Data  Folder 
•  Radio  Interference  Eliminator  Folder  •  Radio 
Service  Encyclopedia  ($1.25)  ‘Resistance  Welding 
Catalog  •  Resistance  Welding  Data  Book  ($2.50)  • 
RL,  RS,  MC,  and  3100  Switch  Data  Folders  • 
Technical  Manual  ($2.00)  •  Replacement  Vibra¬ 
tor  Guide  •  Vibrator  Engineering  Data  Folder* 
Vibrator  Data  Book  (in  preparation). 


Yes,  we  make  switches . . .  hut 
thafs  only  part  of  the  story 


Name  the  kind  of  switch  you  want  and,  likely  as  not,  Mallory 
will  be  able  to  supply  the  very  thing  you  want  from  standard 
stock.  That’s  one  kind  of  service  that  Mallory  offers  —  service 
that  saves  you  time  and  money. 

Still  another  kind  of  Mallory  service  is  available  to  you  in  the  form 
of  technical  literature.  The  three  data  folders  illustrated  above,  for 
example,  contain  everything  your  engineers  want  to  know  about 
standard  switches — show  how  your  switch  requirements  can  be 
met  by  Mallory  basic  designs.  Once  again,  a  service  that  extends 
beyond  the  immediate  sale. 

As  Mallory  is  a  pioneer  in  the  field  of  switches,  so  it  leads  in  many 
other  precision  products.  A  mere  glance  at  the  list  of  Mallory 
publications  at  the  left  —  most  of  them  available  to  you  without 
cost — will  show  why  so  many  manufacturers  say,  **You  expect  more 
and  get  more  from  Mallory.” 


I  SWITCHIS 
(INDUSTRIAL  AND  ELECTRONIC) 


Aatua,  — ELECTRONICS 


►  BIKINI  .  .  .  Newspaper  men  reporting  the  test  between  supply  and  demand  but  rarely  achieving  it 

“Able”  day  events  w'ere  obviously  disappointed  that  more  than  momentarily.  At  the  moment  the  demand 

the  bomb  did  not  go  off  with  much  more  noise  and  a  for  engineers  is  declining,  while  the  demand  for  sales- 

brighter  flash.  Situated  as  they  were  20  miles  from  men  is  healthy  though  not  yet  robust.  This  too  is 

the  burst  the  modest  boom  could  not  have  been  as  natural.  The  need  for  new  designs  is  not  as  critical, 

awe-inspiring  as  if  they  had  been  5  miles  distant.  A  and  is  not  likely  to  be  for  some  time.  But  salesmen 

more  sober  appraisal,  however,  must  convince  any-  are  necessary  even  to  move  existing  gear.  And  w^hen 

one  that  a  single  bomb  dropped  a  quarter  of  a  mile  materials  are  readily  available  it  is  a  good  bet  that 

away  from  its  targets  and  which  even  at  that  dis-  still  more  of  them  will  be  needed, 

tance  could  create  the  havoc  which  resulted  must  be  Manufacturers  should  preserve  their  technical  staff 

something  to  take  with  extreme  seriousness.  through  times  like  these,  because  engineering  de- 

Aside  from  man’s  childish  enjoyment  of  anything  velops  the  product  upon  which  long-term  success  is 

that  makes  a  big  noise  and  lots  of  smoke  and  the  news-  based.  But  many  of  them  will  not  and  we  might  as 

men’s  desire  for  a  more  dramatic  spectacle,  the  ac-  realistic  about  it.  Juniors,  especially,  would  do 

tual  aim  of  the  first  bomb  drop  must  not  be  forgotten.  well  to  switch  from  engineering  to  sales.  That  is  one 

'  It  was  to  create  graded  damage  from  great  to  slight,  way,  at  least,  of  staying  in  the  business  for  which  they 

not  to  sink  ships.  The  true  aim  was  to  secure  data  were  trained.  And  technicians  who  can  sell  are,  as 

which  could  be  plotted  in  curves  rather  than  to  as-  »^ways  been,  a  great  need  of  the  electronics 

semble  figures  which  could  be  made  into  a  box  score. 

More  ships  could  be  sunk  by  the  mere  expedient  of 
placing  them  closer  together. 

More  valuable  than  any  world’s  record  in  one-shot  ►MODERNIZATION  ...  In  case  you  missed  it,  one 
ship  sinking  will  be  the  information  for  which  the  the  best  modernization  stories  of  this  marvelous 

tests  were  planned  the  correlation  of  pressure,  tern-  post-war  age  broke  in  the  New  York  papers  recently, 

perature  and  damage  to  every  ship  and  every  part  of  seems  that  four  youths  headed  by  a  former  USS 

every  ship  with  distance.  Such  information  is  vital  Lexington  electronic  technician  had  brought  to  the 

if  we  must  continue  to  live  and,  if  necessary,  to  fight  ancient  art  of  safe  cracking  all  modern  conveniences, 

in  an  atomic  age.  In  addition  the  information  secured  only  did  the  boys  use  a  walkie-talkie  to  protect  the 

in  the  field  of  pure  science,  particularly  with  respect  inside  gang,  warning  them  to  stop  making  a  racket 

to  radiation  from  high-temperature  sources,  in  ocean-  with  their  high-speed  diamond-pointed  drills  w'hen  a 

ography,  radioactivity,  biology  and  botany  will  be  cop  came  by,  but  they  had  developed  supersonic  listen- 

pure  velvet.  ing  aids  to  tell  them  when  the  tumblers  of  the  safe 

clicked,  thus  giving  away  the  combination.  And  they 
►  SEE-SAW  . . .  During  the  war  the  demand  for  engi-  were  working  on  an  infrared  flashlight, 
neers  went  up  and  the  demand  for  salesman  went  Had  the  gang  not  been  too  lavish  with  the  proceeds 

down.  This  was  natural.  There  was  a  lot  of  new  equip-  of  their  ingenuity  they  might  not  now  be  in  the  jug, 

ment  to  design  in  a  hurry,  and  the  government  bought  but,  on  the  contrary,  would  be  well  on  their  way  toward 

their  ambition,  putting  crime  on  a  modern  scientific 
Business  is  like  a  see-saw,  striving  for  a  balance  basis. 


READING  AID 

For  the 


Letters  are  converted  into  distinctive  sounds  by  which,  it  is 
hoped,  a  blind  person  may  read  tliis  article  as  well  as  you. 
Light  from  a  scanning  beam  is  reflected  from  the  printed 
page  and  made  to  operate  a  modulated  oscillator  in  accord¬ 
ance  with  each  letter ‘’s  shape 


To  THE  AVERAGE  INDIVIDUAL,  the 
most  tragic  handicap  imagin¬ 
able  would  be  loss  of  eyesight.  The 
loss  of  any  of  any  of  the  other  senses 
can,  to  a  large  degree,  be  compen¬ 
sated  for  by  wider  use  of  the  eyes. 
Much  more  difficult,  however,  is  the 
substitution  of  the  other  senses  for 
lost  eyesight. 

The  loss  of  visual  contact  with  the 
persons  and  the  world  around,  while 
frightening  to  imagine,  might  not 
in  the  end  be  so  great  a  loss  as  the 
inability  to  read,  to  be  completely 
dependent  upon  others  for  the  pleas¬ 
ure,  education  or  relaxation  of  read¬ 
ing. 

Wonderful  things  have  been  ac¬ 
complished  by  the  blind  in  the  read¬ 
ing  of  Braille,  but  the  Braille  reader 
is  limited  in  his  choice  of  reading 
matter  to  the  relatively  small  amount 
of  material  which  has  been  selected 
and  transcribed  into  Braille.  The 
talking  book  suffers  the  same  limita¬ 
tion  of  choice  and  in  addition  it  has 
the  psychological  disadvantage  of 
forcing  the  listener  to  “read”  at  a 
predetermined  speed,  which  of  neces¬ 
sity  must  be  an  average  speed,  too 
slow  for  some  and  too  fast  for  others. 
There  is  therefore  great  need  for 
some  device  which  would  enable  the 
blind  to  read  ordinary  printed  mat-, 
ter:  books,  magazines,  and  type¬ 
written  letters. 

The  first  known  attempt  to  devise 
a  machine  for  reading  print  was 
made  by  Fournier  D’Albe  in  1914*. 
His  device,  known  as  the  Optophone, 
divided  the  lines  of  type  into  five 
horizontal  zones.  Along  a  vertical 
line  were  placed  five  spots  of  light, 
one  in  each  zone,  each  spot  being 
modulated  at  a  different  frequency. 
The  light  reflected  from  the  paper 
was  picked  up  by  a  systeni  of  sele¬ 
nium  cells  and,  by  means  of  a  balanc¬ 
ing  arrangement,  made  to  produce 
an  audible  sound  when  one  or  more 
of  the  spots  rested  on  the  black  part 
of  a  letter.  Thus,  as  the  line  of  light 
spots  was  moved  along  the  lines  of 


print,  tones  or  chords  were  produced, 
varying  with  the  character  of  the 
letters. 

This  system,  while  operative  and 
giving  a  learnable  signal,  suffered 
from  several  limitations.  First,  the 
production  of  five  separately  mod¬ 
ulated  spots  of  light  in  the  required 
small  space  introduced  difficult  me¬ 
chanical  problems.  Second,  the 
alignment  of  the  spots  must  neces¬ 
sarily  be  very  accurate,  requiring 
that  printed  matter  be  accurately 
aligned  and  clamped  to  the  machine. 
Thirdly,  the  range  of  type  sizes 
which  could  be  read  was  limited  and 
an  adjustment  for  different  sizes  was 
difficult. 

Requirements  of  a  Reading  Aid 

From  the  Fournier  D’Albe  experi¬ 
ments,  several  conclusions  have  been 


drawn  which  are  believed  valid; 

(1)  A  reading  device  to  be  success¬ 
ful  must  have  a  small,  easily  manip¬ 
ulated,  preferably  hand  held,  probe 
or  stylus  for  scanning  the  type. 

(2)  The  alignment  with  the  type 
must  be  tolerant  to  such  an  extent 
as  to  make  necessary  only  the  sim¬ 
plest,  if  any,  mechanical  guides  or 
alignment  aids.  (3)  Different  type 
sizes  should  be  accommodated  with 
no,  or  a  simple,  adjustment.  (4)  The 
device  should  be  “black  reading”. 
That  is,  it  should  give  a  signal  from 
the  black  letter,  not  from  the  sur¬ 
rounding  white.  (5)  The  instru¬ 
ment  .should  give  a  di.stinctive  and 
easily  learnable  signal. 

A  reading  device  will  neces.sarily 
produce  a  signal  varying  in  time  be- 
cau.se  language  conveys  information 
in  a  time  .sequence  as  contra.sted  with 


MIRROR  DRIVE  COIL 


FIG.  1 — The  light  scanning  system  of  the  reading  aid  is  shown  schematically;  the 
rest  of  the  unit  is  shown  in  blocks 
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pictorial  or  spatial  presentation.  The 
time  variation  will,  of  course,  be 
obtained  in  the  usual  manner  of 
reading  by  scanning  the  page  line  by 
line.  The  stimulus  may  be  auditory, 
or  possibly  tactual  such  as  raised 
characters  produced  in  response  to 
the  electrical  signal  from  the  scan¬ 
ned  print  and  which  are  identified 
by  touch.  The  present  discussion 
will  be  limited  to  auditory  methods. 

There  are  two  approaches  to  the 
problem  of  reading  by  auditory 
methods.  One  is  word  recognition 
as  is  used  in  ordinary  speech  and 
reading,  and  the  other  is  letter  rec¬ 
ognition.  For  high  reading  speeds 
word  recognition  is  essential,  but 
simple  tests  of  reading  aloud  by 
pronouncing  each  letter  separately 
indicate  that  the  limit  of  reading 
I  speed  by  letter  recognition  would  be 
in  excess  of  sixty  w'ords  per  minute. 
In  addition,  the  ear  or  brain  has  an 
integrating  effect,  blending  the  in¬ 
dividual  letter  sounds  into  word  pat¬ 
terns.  as  is  nicely  shown  in  the  case 
of  Morse  Code  w'here  word  recogni¬ 
tion  is  used  at  high  speeds  although 
each  letter  signal  is  intact.  Thus  a 
I  letter  recognition  system  may  oper- 
'  ate  as  a  word  recognition  system  at 
higher  reading  speeds. 

There  are  various  ways  of  obtain¬ 
ing  information  from  a  line  of 
printed  letters,  such  as  scanning 
with  one  or  more  vertical  or  inclined 
slits,  multiple  spots,  or  rapidly  mov¬ 
ing  spots.  A  great  many  of  those 


To  rood  a  printed  page,  a  blind  person  moTes  the  scanning  stflus  along  each  Bn# 
of  type.  The  electronic  reading  aid  conTerts  the  shape  of  the  letters  into  sounds 


methods  resolve  themselves  basical¬ 
ly  into  scanning  the  print  with  the 
equivalent  of  a  narrow  vertical  slit 
of  slightly  more  than  letter  height. 
The  information  concerning  the 
parts  of  the  letter  under  the  slit  may 
be  used  in  many  ways  to  produce  an 
audible  signal. 

There  are  four  characteristics  of 
the  print  viewed  through  the  slit 
which  are  obvious  and  on  variations 
of  which  a  reading  aid  must  depend 
for  identifying  information  as  the 
print  is  scanned  by  the  slit  or  its 
equivalent:  (1)  Total  amount  of 
black  area  under  the  slit.  (2)  Inte¬ 
gration  of  the  area,  that  is,  is  the 
area  a  single  unit  or  divided  into 
two  or  more  units.  (3)  Size  of  in¬ 
dividual  units  if  more  than  one. 

<  4 )  Position  of  the  unit  or  units 
vertically  along  the  slit. 

Elecfronie  Reading  Aid 

In  the  present  device,  a  small  spot 
of  light  is  caused  to  move  up  and 
down  along  a  vertical  line  corres¬ 
ponding  to  the  slit  mentioned  above. 
In  synchronism  with  the  motion  of 
the  light  spot,  an  audio  oscillator  is 
frequency  modulated  so  that  when 
the  spot  is  at  the  top  of  the  line  the 
frequency  is  high  and  when  the  spot 
is  at  the  bottom  the  frequency  is 
low.  The  light  reflected  from  the 
page  is  picked  up  by  a  phototube  and 
used  to  operate  an  amplifier  tube 
allowing  the  audio  frequency  to 
reach  the  reader’s  ear  only  when  the 


light  spot  is  on  black.  The  frequency 
of  the  tone  that  is  h*eard  will  depend 
upon  the  vertical  position  of  the 
black  area.  If  the  black  area  has  a 
large  vertical  dimension,  the  audio 
frequency  w’ill  vary  appreciably  dur¬ 
ing  the  period  it  is  applied  to  the 
ear,  giving  a  warbled  character  to 
the  tone,  the  range  of  the  frequency 
variation  being  a  measure  of  the 
vertical  extent  of  the  black  area.  As 
the  lines  of  letters  are  manually 
scanned,  audible  information  is  thus 
obtained  as  to  number,  size,  and 
position  of  areas  of  black  under  the 
scanning  line  at  any  instant.  The 
variation  of  the  sounds  representing 
these  characteristics  as  the  letters 
and  words  move  under  the  scanning 
line  constitutes  the  signal  applied  to 
the  ear. 

The  frequency  of  vertical  scanning 
is  determined  by  the  reading  speed. 
If,  for  example,  a  reading  speed  of 
sixty  words  per  minute  is  assumed, 
the  letter  frequency  would  be  three 
hundred  per  minute  or  five  per  sec¬ 
ond,  on  the  basis  of  the  standard 
five  letter  word.  If  it  is  assumed  fur¬ 
ther  that  a  minimum  of  five  com¬ 
plete  scans  w'ould  be  necessary  to 
make  sure  of  complete  coverage  of 
the  letter,  then  the  minimum  scan¬ 
ning  speed  would  be  25  cps.  In  this 
instrument,  the  actual  scanning  fre¬ 
quency  is  30  cps.  The  low’er  limit  of 
the  audio  frequency  is  set  by  the 
minimum  duration  of  tone  which 
may  be  expected.  The  upper  fre- 
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quency  is  limited  fundamentally  by 
the  limit  of  audibility;  practically 
by  the  usual  limits  of  frequency 
response  of  components  in  the  small 
sizes  that  are  necessarily  used.  In 
the  instrument  described,  the  upper 
frequency  is  .  approximately  4,000 
cps. 

If  the  vertical  extent  of  the  small¬ 
est  portion  of  a  letter  to  be  identi¬ 
fied,  such  as  the  top  bar  of  an  n  or  m, 
is  taken  as  15  percent  of  the  maxi¬ 
mum  height  of  letter  then  the  dura¬ 
tion  of  this  sound  will  be,  at  the  30 
cycle  (60  scans)  rate  (1/60)  X 
(16/100)  =  1/400  sec.  Then  the 
lowest  frequency  that  can  be  used 
to  obtain  even  one  full  cycle  per  scan 
will  be  400  cps. 

With  such  a  short  duration,  the 
sounds  lose  their  tonal  character,  at 
least  4  to  12  cycles  being  necessary 
to  recognize  a  sound  as  a  tone  in  this 
frequency  range®.  There  is,  how¬ 
ever,  a  distinct  difference  between 
a  sound  of  1/400  second  duration  at 
400  cps  and  one  of  the  same  dura¬ 
tion  at  2,000  cps,  the  first  being 
popularly  described  as  a  “thump” 
and  the  latter  taking  on  the  char¬ 
acter  of  a  “click”.  Longer  durations, 
as  represented  by  the  vertical  parts 
of  an  n,  of  course  take  on  a  more 
tonal  character. 

InttraiiiMt  Operation 

The  instrument  is  composed  of  two 
parts :  the  stylus  which  is  hand  held, 
and  a  small  case  containing  the  bat¬ 
teries  and  auxiliary  circuits.  The 
total  weight  is  5i  lb.  A  block  dia¬ 
gram  of  the  circuit  is  shown  in 
Fig.  1  and  a  schematic  in  Fig.  2. 

The  audible  frequency  is  gen¬ 


erated  by  conventional  beat  fre¬ 
quency  methods,  the  two  oscillators 
operating  at  approximately  50  kc. 
One  oscillator  is  fixed  in  frequency 
while  the  frequency  of  the  second 
is  varied.  A  vibrator  similar  to  the 
automobile  radio  type  carries  a  pow¬ 
dered  iron  armature.  The  tuning 
inductance  of  the  variable  oscillator 
is  wound  on  a  U-shaped  laminated 
core  and  so  mounted  that  the  pow¬ 
dered  iron  armature  swings  very 
close  to  the  core  on  its  upward  ex¬ 
cursion,  practically  closing  the  gap 
in  the  core.  This  alters  the  re¬ 
luctance  of  the  magnetic  path  and 
thereby  the  inductance  of  the  coil 
and  the  frequency  of  the  oscillator. 
A  ten  percent  variation  in  induct¬ 
ance  at  50  kc  can  easily  be  obtained 
by  this  method  with  sufficient  safety 
factor  to  make  sure  that  the  arma¬ 
ture  does  not  strike  the  core.  The 
variation  of  inductance  with  posi¬ 
tion  of  the  armature  is  very  nearly 
logarithmic  over  the  useful  range 
but  is  influenced  to  some  extent  by 
the  shape  of  the  pole  pieces  and  the 
armature. 

The  fixed  oscillator  uses  a  1L4 
tube  in  a  conventional  Hartley  cir¬ 
cuit.  The  variable  oscillator  uses 
the  oscillator  section  of  a  1R5  penta- 
grid  converter  tube.  The  fixed  oscil¬ 
lator  frequency  is  applied  to  the 
third  grid  of  the  1R6  so  that  the 
frequency  appearing  in  the  plate  cir¬ 
cuit  is  the  beat  between  the  two 
oscillator  frequencies.  The  output 
circuit  consists  of  a  volume  control 
potentiometer  followed  by  a  high 
pass  filter  step  down  transformer 
combination  feeding  a  hearing  aid 
type  headphone.  The  high  pass  char¬ 


acteristic  is  necessary  to  remove  any 
of  the  30  cps  modulating  frequency 
remaining  in  the  signal.  The  third 
grid  of  the  converter  is  maintained 
at  a  potential  sufficiently  negative 
to  prevent  plate  current  flow.  A 
positive  pulse  from  the  phototube 
amplifier  applied  to  this  same  grid 
permits  the  signal  to  reach  the  plate 
circuit  only  when  the  scanning  spot 
crosses  a  black  part  of  the  print. 

Raoding  Stylus 

An  interior  view  of  the  stylus  is 
shown  in  Fig.  3.  The  scanner  as¬ 
sembly  and  the  light  collfector  are 
shown  in  Fig.  4.  Light  is  provided 
by  a  small  aircraft  indicator  type 
lamp  in  the  housing  at  A.  The  45- 
degree  mirror  M  and  the  lens  L  com¬ 
bine  to  project  an  image  of  the  lamp 
filament  on  the  plane  of  the  paper. 
The  mirror  is  mounted  on  a  mag¬ 
netized  armature  which  is  caused  to 
vibrate  by  a  current  flowing  in  the 
coil  C.  This  vibration  causes  the 
light  spot  to  move  in  a  line  to  scan 
the  print  in  a  vertical  direction.  The 
coil  C  is  excited  by  the  voltage  across 
the  main  vibrator  coil.  A  variable 
resistor  in  series  with  the  scanning 
coil  is  used  to  adjust  the  scanning 
height  to  match  the  print  being  read. 
The  natural  period  of  the  mirror 
armature  is  adjusted  by  means  of  a 
hair  spring  as  in  a  watch,  so  that  it 
vibrates  in  phase  with  the  reed  of 
the  main  vibrator. 

The  light  reflected  from  the  paper 
is  collected  by  a  Lucite  light  conduc¬ 
tor  B  and  carried  along  the  scanning 
unit  to  the  phototube,  P.  This  photo¬ 
tube  is  a  developmental  model  of  the 
end  view  type.  The  output  of  the 
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tube  is  amplified  by  a  two  stage  hear¬ 
ing  aid  t3T)e  tube  in  the  stylus,  fol¬ 
lowed  by  another  pentode  stage  in 
the  case.  An  overall  voltage  gain 
of  approximately  3,000  is  used.  The 
gain  of  the  two  stage  stylus  ampli¬ 
fier  is  about  300  so  that  the  signal 
level  on  the  connecting  cable  is  quite 
high,  preventing  any  trouble  from 
microphonics  and  stray  fields. 

The  filaments,  lamp  and  vibrator 
are  supplied  by  a  10  ampere-hour 
storage  cell.  The  current  consump¬ 
tion  is  about  0.8  ampere  so  that  the 
battery  life  is  about  12  hours,  after 
which  it  must  be  recharged.  The 
plate  voltage  is  supplied  by  a  67.5- 
volt  hearing  aid  type  B-battery.  The 
total  plate  current  is  2.5  ma,  giving 
a  B-battery  life  of  the  order  of  50 
hours. 

By  releasing  and  lifting  one  end 
of  the  plastic  tray  in  the  top  of  the 
case,  the  batteries  are  disconnected 
and  made  available  for  instant 
change.  To  facilitate  battery  chang¬ 
ing  by  the  blind,  two  sets  of  contacts 
are  provided  on  the  under  side  of 
the  tray,  which  obviates  any  atten¬ 
tion  to  the  polarity  of  either  bat¬ 
tery.  An  external  charger  is  pro¬ 
vided  to  recharge  the  storage  cell. 

In  operation,  the  stylus  is  hand 
held.  During  the  learning  period 
some  form  of  guide  is  necessary  but 
it  is  hoped  that  a  proficient  reader 
will  be  able  to  dispense  with  any 
mechanical  aid  because  any  wander¬ 
ing  from  the  line  will  be  indicated 
immediately  by  a  change  in  pitch  of 
the  signal  before  the  deviation  is 
sufficient  to  cause  a  loss  of  letter 
identity.  This  change  in  pitch  is 
made  possible  by  slightly  overscan¬ 


ning  the  letter,  which  permits  some 
tolerance  in  the  position  of  the  scan¬ 
ner  relative  to  the  print  without 
losing  any  of  the  information  con¬ 
cerning  the  letter.  The  pitch  of  the 
signal,  however,  changes  with  the 
position  of  the  letter  along  the 
scanning  line,  giving  the  necessary 
clue  when  the  stylus  wanders  from 
the  line. 

Performance 

As  was  pointed  out  at  the  begin¬ 
ning  of  this  discussion,  the  instru¬ 
ment  gives  complete  information  as 
to  the  number,  extent,  and  location 
of  black  areas  under  the  scanner  at 
any  time.  By  means  of  this  inform¬ 
ation,  it  should  be  possible  to  recon¬ 
struct  the  complete  letters  from  the 
signal  produced  by  the  instrument. 
To  test  this  possibility,  the  vertical 
sweep  on  an  oscillograph  was  driven 
by  the  voltage  on  the  mirror  drive 
coil;  the  horizontal  sweep  was  syn¬ 
chronized  with  the  manual  scanning 
of  the  line;  the  oscillograph  beam 
was  modulated  by  the  output  signal. 
As  was  expected,  complete  reproduc¬ 
tion  of  the  print  was  obtained. 

The  described  equipment  is  not 
presented  as  the  ultimate  solution 
to  the  reading  problem.  It  is,  how¬ 
ever,  an  approach  which  has  given 
some  interesting  results  and  is  be¬ 
lieved  to  possess  a  number  of  advan¬ 
tages  over  previous  machines. 

Actual  learning  tests  have  indi¬ 
cated  that  quite  a  high  degree  of 
accuracy  in  letter  identification  can 
be  attained  in  a  reasonable  time.  In 
actual  reading  tests  on  simple  text, 
reading  speeds  in  excess  of  ten  words 
per  minute  have  been  reached. 


The  instrument  is  not  commercial¬ 
ly  available  and  before  any  such 
equipment  can  be  made  available  a 
great  many  more  tests  with  substan¬ 
tial  numbers  of  blind  subjects  under 
controlled  conditions  will  have  to  be 
made.  Some  tests  of  this  type  are 
now  in  progress  as  it  is  hoped  that 
they  will  produce  results  which  will 
be  very  valuable  for  future  work  in 
this  field. 

This  paper  is  based  in  whole  or  in 
part  on  work  done  for  the  Commit¬ 
tee  on  Sensory  Devices,  which  was 
formerly  under  the  Office  of  Scienti¬ 
fic  Research  and  Development,  on 
Contract  OEMsr-1407  with  Radio 
Corporation  of  America.  The  Com¬ 
mittee  on  Sensory  Devices  is  now  of 
the  National  Academy  of  Sciences 
and  work  is  continuing  under  sub¬ 
contract  No.  13  of  prime  contract 
W-49-007-MD347.  The  Committee 
on  Sensory  Devices,  under  Dr. 
George  W.  Corner,  has  been  very  co¬ 
operative  and  helpful  in  the  carrying 
on  of  the  work.  The  authors  wish 
also  to  acknowledge  the  cooperation 
of  the  Haskins  Laboratories  in  New 
York,  The  Medical  Research  Insti¬ 
tute  of  the  National  Naval  Medical 
Center,  Bethesda,  Maryland ;  of 
Solomon  Lasof,  C.  J.  Young  and  K. 
Magnusson  for  their  help  in  working 
out  some  of  the  engineering  prob¬ 
lems,  and  of  other  members  of  RCA 
Laboratories  for  their  helpful  sug¬ 
gestions. 
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FIG.  3 — A  Lucite  rod  conducts  rofloctod  light  to  a  phototube.  A  sub- 
miniature  tube  preompiiiies  the  resulting  electrical  impulse 


FIG.  4 — To  reduce  the  power  required  to  Tibrate  the  mirror, 
it  is  mechanically  resonated  by  a  hair  spring 
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Echo  Ranging  Sonar 

Technical  details  of  model  QCS/T  equipment,  which  delivers  a  600-watt  pulse  to  a  magneto¬ 
striction  projector  at  some  frequency  in  the  supersonic  range  from  17  to  26  kc.  The  re<*eivcr 
is  an  inverted  superheterodyne  with  a  60-kc  i-f  value,  varistor  detectors,  and  a  neon-lamp  iinli- 
cator.  The  echo  from  an  underwater  target  is  converted  into  azimuth  and  range  indicat ion> 


SONAR,  a  word  coined  from  Sound 
Navigation  and  Ranging,  cov¬ 
ers  all  types  of  underwater  sound 
equipment  used  on  ships  for  locating 
and  tracking  submarines,  for  depth 
sounding,  for  underwater  communi¬ 
cation,  and  as  a  navigational  aid.  The 
most  important  of  these  from  a  mili¬ 
tary  standpoint  is  echo  ranging 
sonar,  used  for  determining  accur¬ 
ately  the  range,  bearing,  and  motion 
of  an  underwater  target  such  as  a 
submarine.  A  representative  exam¬ 
ple  of  this  equipment,  recently  de¬ 
classified,  will  be  described  in  detail, 
with  emphasis  on  basic  principles 
and  on  electronic  circuits  employed. 

General  Principles 

In  modern  electronic  echo  ranging 
equipment,  pulses  of  sound  energy 
are  transmitted  into  the  water  from 
an  under-the-.ship  sound  projector  in 
a  directional  beam.  The  sound  en¬ 
ergy  travels  approximately  4,800 
feet  per  second  in  salt  water.  Upon 
striking  a  target  or  water  disconti¬ 
nuity,  a  portion  of  the  sound  is 
reflected  back  as  an  echo  to  the 
projector,  which  also  serves  as  a 
microphone  just  as  a  radar  antenna 
serves  for  both  transmitting  and 
receiving. 

The  time  interval  between  the 
transmitted  pulse  and  the  returned 
echo  is  measured  and  indicates  the 
range  of  the  target.  (Multiplying 
one-half  the  time  interval  in  seconds, 
by  4,800  gives  range  in  feet.)  The 
projector  is  rotated  under  water 
much  as  radar  antennas  cover  their 
area  of  search  above  water,  so  that 
the  position  of  the  projector  at  which 
an  echo  is  received  corresponds  to 
the  bearing  of  the  target. 

Three  major  factors  limit  the  dis¬ 
tance  at  which  echo  ranging  in  water 


is  effective:  (1)  normal  spreading  of 
sound  waves,  which  makes  received 
energy  vary  inversely  with  the 
square  of  the  distance  from  the  pro¬ 
jector;  (2)  attenuation  of  the  energy 
(manifested  by  heating  of  the 
water) ;  (3)  refraction  or  bending  of 
the  sound  beam  as  it  travels  outward 
from  the  projector. 

Spreading  of  sound  waves  is  mini¬ 
mized  by  using  a  highly  directional 
projector  as  the  sound  source. 

Attenuation  increases  directly  with 
frequency,  making  the  choice  of  so¬ 
nar  frequencies  extremely  important. 
Frequencies  employed  in  echo  rang¬ 
ing  are  usually  in  the  supersonic 
range  between  10  and  30  kc.  These 
values  are  a  compromise  between  two 
considerations,  the  attenuation  of 
sound  in  water  and  the  size  of  the 
sound  projector.  Since  directivity  is 
related  to  frequency  just  as  with  ra¬ 
dio  antennas,  at  the  lower  frequencies 
the  size  of  a  projector  having  the 
desired  directivity  would  be  pro¬ 
hibitively  large.  Also,  at  lower  fre¬ 
quencies  the  ambient  water  noise  is 
loudest  because  attenuation  increa¬ 
ses  with  frequency  for  noise  as  well 
as  for  desired  sounds.  On  the  other 
hand,  too  high  a  frequency  calls  for 
excessively  high  power  output  from 


the  projector  to  obtain  a  given  echo 
signal  strength. 

A  slight  upward  bending  of  the 
sound  beam  is  caused  by  the  increase 
of  pressure  and  salinity  of  the  water 
with  depth,  because  the  speed  of 
sound  increases  wdth  both  pressure 
and  salinity.  Ordinarily,  however, 
this  bending  is  insignificant  in  com¬ 
parison  to  the  bending  due  to  changes 
in  water  temperature  with  depth,  il-  ’ 
lustrated  in  Fig.  1.  The  normal  ef¬ 
fective  limit  for  echo  ranging  is  sev¬ 
eral  thousand  yards,  but  a  large 
negative  temperature  gradient  may 
limit  the  range  to  less  than  1,000 
yards.  A  positive  temperature  gra¬ 
dient  has  little  effect  on  echo  rang¬ 
ing,  as  ranging  is  still  possible  when 
the  path  of  the  sound  waves  involves 
reflections  from  the  surface  of  the 
ocean. 

Typical  Sonar  Equipmenf 

A  representative  example  of  mod¬ 
ern  electronic  echo  ranging  and 
sound  listening  sonar  used  on  de¬ 
stroyers  and  smaller  antisubramine 
ships  is  the  model  QCS/T,  made  by 
Submarine  Signal  Co.  of  Boston  and 
shown  in  block  diagram  form  in  Fig. 
2.  The  installation  is  divided  into 
three  major  .sections,  designated  as 


FIG.  1 — Bending  of  underwater  lound  beams  due  to  yarious  temperature  gradients 

in  water 
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the  driver,  the  control  console  (some¬ 
times  called  the  “stack”),  and  the 
projector. 

The  driver  consists  essentially  of 
a  self-excited  oscillator  that  gener¬ 
ates  a  24-kc  supersonic  frequency,  a 
two-stage  amplifier  that  builds  up  the 
oscillator  output  to  a  maximum 
power  of  600  watts,  and  a  keying  re¬ 
lay  that  clicks  out  the  0.1  to  0.2-sec¬ 
ond  duration  pulses  at  intervals  of 
several  seconds.  Driver  equipment  is 
mounted  on  a  rack  in  the  lower  sonar 
room,  usually  located  in  a  forward 
hold  of  the  ship. 

The  magnetostriction  projector, 
which  also  serves  as  a  microphone 
for  picking  up  echoes,  is  located  in  a 
retractable  dome  under  the  ship.  It 
is  connected  through  the  keying  re¬ 
lay  contacts  to  the  driver  during 
transmission  of  a  sound  pulse,  and  to 
the  receiver  immediately  thereafter 
for  picking  up  the  returning  echo. 
Rotation  of  the  projector  through  a 
complete  circle  horizontally,  or 
through  a  sector  of  a  circle,  is  accom¬ 
plished  by  a  training  system  employ¬ 
ing  a  generator  synchro,  control 
transformer,  amplidyne  control  unit, 
amplidyne  generator,  and  d-c  train¬ 
ing  motor,  all  controlled  by  a  train¬ 
ing  handwheel  manipulated  manually 
by  the  sonar  operator  at  the  stack. 

The  dome  for  the  projector  is 
streamlined  as  shown  in  Fig.  3  to 
reduce  water  turbulence,  permitting 
echo  ranging  at  speeds  up  to  15 
knots.  In  shallow  water  the  entire 
dome  is  drawn  up  into  the  hold  of  the 


Control  console  of  representatiTo  modem  echo-ronginq  sonar,  showing  operator  timing 
the  equipment.  Training  handwheel  is  at  lower  right  of  slant  panel  on  which  is 

the  neon-type  indicator 


ship  by  an  electrically  operated  re¬ 
tracting  mechanism,  since  it  nor¬ 
mally  projects  four  feet  below  the 
keel  and  might  strike  ground  in  lo¬ 
cations  where  the  ship  itself  would 
ride  clear. 

The  stack  contains  a  superhetero¬ 
dyne  receiver  for  amplifying  the  ex¬ 
tremely  weak  echo  signals,  a  range 
indicator  for  converting  the  received 
echo  into  a  distance  indication  auto¬ 
matically,  and  a  loudspeaker  for  pro¬ 


viding  an  audible  echo.  Since  the 
range  indicator  mechanically  meas¬ 
ures  the  time  between  the  transmit¬ 
ted  pulse  and  the  returned  echo,  it 
must  also  control  the  keying  relay 
that  initiates  each  pulse. 


Range  Indicotor 

The  range  indicator  consists  of  a 
neon  indicator  light  mounted  on  the 
circumference  of  a  wheel  that  is  posi¬ 
tioned  behind  a  fixed  circular  range 
scale.  The  neon  wheel  is  driven  at  a 
constant  rate  by  a  synchronous  mo¬ 
tor,  one  revolution  of  the  neon  light 
corresponding  to  1,000  yards  of 
range.  The  neon  light,  which  is  vis¬ 
ible  only  through  a  narrow  slit  of  the 
rotating  circular  disc  on  which  it  is 
mounted,  receives  its  firing  potential 
from  the  receiver  through  slip  rings. 

At  the  instant  that  the  neon  light 
arrives  at  zero  on  the  range  scale,  a 
cam  arrangement  on  the  shaft  of  the 
neon  wheel  closes  contacts  that  ener¬ 
gize  the  keying  relays,  causing  a 


•  Formerly  Instructor  in  Sonar,  Radio  Ma¬ 
teriel  School,  Naval  Research  Laboratory, 
Washington,  D.  C. 
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FIG.  2 — Block  diagram  of  modol  QCS/T  sonar,  which  uses  a  24-kc  oscillator 
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FIG.  3 — Proiector,  dome,  and  retracting 
mechanism,  located  in  lower  sonar  room 
of  ship.  When  in  use.  the  dome  proiects 
about  four  feet  below  the  hull 

sound  pulse  to  be  sent  out  into  the 
water.  The  indicator  light  continues 
to  move  along  the  circular  range 
scale,  which  is  calibrated  in  such  a 
way  that  when  an  echo  is  received 
and  the  neon  light  flashed,  it  will  be 
at  a  point  on  the  range  scale  corres¬ 
ponding  to  the  range  of  the  target. 
The  cam  contacts  are  designed  to 
permit  zero  adjustment  of  the  keying 
pulse  and  to  permit  varying  the  pulse 
length  from  0  to  0.2  second.  This 
will  indicate  a  sound  pulse  length  of 
from  0  to  160  yards  on  the  range  in¬ 
dicator.  On  5,000-yard  ranging,  the 
neon  indicator  light  is  rotated  at  a 
slower  speed  by  a  separate  synchron¬ 
ous  motor,  and  the  position  at  which 
the  light  flashes  is  read  on  a  5,000- 
yard  scale. 

When  echoes  returning  from  long 
distances  are  not  strong  enough  to 
flash  the  neon  light  on  the  range  in¬ 
dicator,  a  constantly  energized 
white  light  is  substituted  for  the 
neon  light  and  the  range  is  deter¬ 
mined  by  noting  the  position  of  the 
white  light  on  the  range  scale  when 
the  echo  is  heard  in  the  loudspeaker. 

Driver  Cireelts 

As  shown  in  Fig.  4,  the  driver  em¬ 
ploys  a  push-pull  Hartley  oscillator 
whose  frequency  is  variable  from  17 
to  26  kc,  a  push-pull  buffer  amplifier, 
and  a  class-C  operated  push-pull- 
parallel  power  amplifier  to  excite  the 


projector.  Keying  of  the  driver  is  ac¬ 
complished  by  completing  the  cath¬ 
ode  circuit  of  the  oscillator  (by 
grounding  the  center  tap  of  the  fila¬ 
ment  winding  for  the  oscillator 
tubes)  and  by  connecting  the  pro¬ 
jector  to  the  power  amplifier  stage 
of  the  driver  through  contacts  of  the 
keying  relay  during  keying.  A  small 
portion  of  the  driver  output  is  ap¬ 
plied  to  the  receiver  through  5-meg¬ 
ohm  resistors  to  provide  a  visual  in¬ 
dication  of  keying  on  the  range  indi¬ 
cator.  Power  for  the  driver  comes 
from  a  three-phase  full-wave  rectifier 
employing  mercury-vapor  rectifiers. 

Sweep-Frequency  Modulation 

Under  certain  water  conditions,  a 
large  number  of  weak  reverberations 
would  be  produced  when  the  trans¬ 
mitted  pulse  struck  water  discontin¬ 
uities  and  foreign  matter.  Since  the 
transmitted  pulse  is  up  to  0.2  second 
long,  reverberations  from  different 
distances  could  arrive  at  the  pro¬ 
jector  simultaneously  if  they  were 
reflections  resulting  from  different 
portions  of  the  transmitted  pulse. 
When  a  great  many  reverberations 
from  different  distances  arrive  at  the 
projector  simultaneously,  they  may 
reinforce  each  other  to  produce  a 
loud  crashing  or  rolling  noise  in  the 
loudspeaker  that  will  tend  to  hide  the 
target  echo. 

If  the  frequency  of  the  oscillator 
in  the  driver  is  varied  over  a  band 
of  frequencies  during  keying  (dur¬ 
ing  transmission  of  a  pulse),  the 
reverberations  arriving  at  the  pro¬ 
jector  simultaneously  from  different 
distances  will  be  of  different  fre¬ 
quencies  and  will  not  reinforce  each 
other.  Sweep-frequency  modulation 


of  the  oscillator  thus  reduces  rever¬ 
berations  to  a  low  level,  while  echoes 
from  a  target  are  heard  as  a  clear 
chirp  of  varying  frequency.  This 
modulation  is  generally  used  during 
search,  but  after  a  target  has  been 
picked  up  the  sweep  is  usually  dis¬ 
connected  to  permit  utilization  of  the 
Doppler  effect  for  tracking  an  eva¬ 
sive  moving  target. 

The  transmitted  pulse  begins  at 
800  cycles  above  the  frequency  to 
which  the  oscillator  is  tuned  and 
sweeps  down  to  800  cycles  below  the 
oscillator  frequency.  This  is  achieved 
by  shunting  across  the  oscillator  tank 
circuit  a  saturable  reactor  whose  in¬ 
ductance  is  made  to  vary  by  charging 
a  capacitor  through  a  coil  on  the 
center  leg  each  time  the  keying  relay 
is  closed.  An  adjustable  capacitor 
across  the  primary  winding  of  the 
reactor  permits  adjusting  the  sweep 
frequency  range  with  relation  to  the 
natural  frequency  of  the  oscillator. 

The  values  shown  give  a  0.1-second 
sweep.  Provision  is  made  in  the 
equipment  for  inserting  a  larger 
charging  capacitor  to  give  a  0.2-sec¬ 
ond  sweep  for  use  with  the  longer 
keying  pulses  employed  when  using 
echo  ranging  at  longer  range.  A 
resistor  in  shunt  with  the  charging 
capacitor  provides  a  discharge  path 
between  keying  and  prevents  the  cur¬ 
rent  through  the  d-c  winding  from 
decreasing  to  zero  when  the  capacitor 
becomes  fully  charged. 

Magnetostrietion  Projector 

The  magnetostriction  projector 
used  to  convert  the  output  of  the 
driver  to  supersonic  sound  energy  is 
composed  of  600  nickel  tubes  en¬ 
circled  by  coils  of  wire  connected  in 
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series-parallel.  One  end  of  each  tube 
is  free,  while  the  other  end  is  fas¬ 
tened  to  a  one-inch  thick  steel  dia¬ 
phragm  about  16  inches  in  diameter, 
as  shown  in  Fig.  5.  A  d-c  polarizing 
current  flows  through  the  coils  at  all 
times  to  shorten  the  nickel  tubes,  for 
the  same  reason  that  a  permanent 
magnet  is  used  in  diaphragm-type 
headphones  (to  prevent  frequency 
doubling).  The  tubes  contract  ac¬ 
cording  to  the  quantity  of  current, 
regardless  of  its  direction.  If  no 
polarizing  current  were  used,  the 
tubes  would  contract  for  both  plus 
and  minus  swings  of  an  a-c  signal 
and  hence  twice  each  cycle,  whereas 
a  sufficiently  large  d-c  polarizing  cur¬ 
rent  added  to  the  alternating  current 
eliminates  the  negative  swing  and 
the  tubes  contract  once  each  cycle. 

During  transmission  the  nickel 
tubes  contract  and  expand  in  length 
as  the  magnetic  field  applied  to  them 
is  increased  and  decreased  by  the 
electrical  output  of  the  driver.  The 
motion  of  the  nickel  tubes  is  trans¬ 
mitted  to  the  water  by  the  steel 
diaphragm.  The  length  of  each  nickel 
tube  added  to  the  diaphragm  thick¬ 
ness  equals  a  half  wavelength  at  the 
operating  frequency,  giving  mechan¬ 
ical  resonance  and  increased  ampli¬ 
tude  of  vibration. 

Echoes  returning  to  the  projector 
move  the  diaphragm  back  and  forth, 
causing  the  nickel  tubes  to  contract 
and  expand.  The  resulting  variation 
in  magnetic  properties  causes  an 
alternating  voltage  to  be  induced  in 
the  coils  for  application  to  the  re¬ 
ceiver.  Capacitors  in  series  with  the 
magnetostriction  coils  make  the  pro¬ 
jector  equivalent  to  a  resistive  load 
of  100  ohms. 

Crystal  Projector 

For  underwater  listening,  as  con¬ 
trasted  with  echo  ranging,  a  crystal 
pickup  unit  is  used  because  its  high 
sensitivity  and  wide  band  pass  enable 
detection  of  noise  associated  with 
targets  at  far  greater  distances  than 
would  be  possible  with  a  magneto¬ 
striction  unit.  The  crystal  unit  is 
composed  of  a  large  number  of 
Rochelle-salt  crystals  mounted  on  a 
steel  backing  plate  and  connected  in 
series.  The  individual  crystals  have 
gold  evaporated  on  their  electrical 
faces  to  form  the  electrical  plates. 
One  of  the  mechanical  faces  of  each 
crystal  is  mounted  on  the  steel  back¬ 


ing  plate.  The  opposite  face  serves 
as  the  receiving  surface  for  noises, 
this  face  being  coupled  to  the  water 
through  castor  oil  and  a  thin  steel 
sound-transparent  window.  Under¬ 
water  sound  waves  cause  the  crystals 
to  contract  and  expand  and  develop 
voltages  across  their  electrical  faces. 

The  frequency  response  curve  of 
a  crystal  pickup  unit  is  shown  in  Fig. 
6,  along  with  that  of  a  typical  mag¬ 
netostriction  unit.  Note  that  re¬ 
sponse  is  plotted  in  db  down  from 
maximum;  the  peak  response  of  the 
crystal  unit  is  very  much  greater, 
however,  than  that  of  the  magneto¬ 
striction  unit.  The  broad  pass  band 
and  high  sensitivity  make  the  crystal 
unit  ideal  for  listening,  but  it  is  not 
suited  for  echo  ranging  in  this 
equipment  because  it  is  capable  of 
handling  only  small  amounts  of 
power. 

The  Receiver 

The  receiver,  shown  in  block  form 
in  Fig.  7,  is  an  inverted  superhetero¬ 
dyne  in  which  the  i-f  value  is  above 
the  frequency  of  the  incoming  signal. 
It  is  impractical  to  use  an  interme¬ 
diate  frequency  below  the  input  fre¬ 
quency  because  it  would  then  be  oper¬ 
ating  in  the  audio  band. 

The  r-f  amplifier  is  tunable  over 
the  frequency  range  from  13  to 
37  kc  and  the  oscillator  tunes  from 
73  to  97  kc,  with  the  tuning  capaci¬ 
tors  ganged  together  to  give  a  60-kc 
i-f  signal.  In  the  i-f  channel,  three 
amplifiers  in  cascade  provide  either 
a  broad  or  sharp  pass  band  depend¬ 
ing  on  which  of  two  sets  of  i-f 
transformer  secondary  coils  is 
switched  in.  The  broad  pass  band  is 
more  than  adequate  for  use  with 
sweep-frequency  modulation,  wherein 
the  received  signal  varies  between 
limits  800  cycles  above  and  below’ 
the  center  frequency.  Gain  control 
is  applied  to  the  first  two  i-f  stages 
to  regulate  the  output  of  the  receiver. 
In  addition,  the  operator  can  switch 
into  the  circuit  a  time-varied  gain 
system  that  reduces  the  gain  of  the 
receiver  simultaneously  with  each 
transmission  of  a  pulse,  restoring  the 
gain  to  normal  automatically  by  the 
time  an  echo  arrives. 

With  modulated  incoming  signals 
such  as  are  obtained  during  under¬ 
water  listening,  the  i-f  output  is  de¬ 
tected  and  applied  directly  to  the 
audio  channel.  For  unmodulated 


FIG.  5 — Conttruction  of  magnetostriction 
unit  used  for  both  transmitting  and  receiv¬ 
ing  during  echo  ranging.  A  crystal  receiv¬ 
ing  unit  (not  shown)  is  mounted  on  the 
back  side,  and  the  pickup  unit  is  rotated 
through  180  degrees  to  bring  it  into  use 
when  higher  sensitivity  is  required  for 
listening  to  under-water  sounds  as  con¬ 
trasted  with  echo  ranging 


FIG.  6 — Frequency  response  curves  of  the 
magnetostriction  unit  and  of  the  crystal 
unit  used  in  its  place  for  listening  only 


bignals  of  echo  ranging  the  i-f  out¬ 
put  is  mixed  with  the  signal  from 
the  beat-frequency  oscillator  to  pro¬ 
duce  an  audio  note  which  is  applied 
to  the  audio  channel.  The  frequency 
of  the  audio  note  can  be  set  anywhere 
from  0  to  1,800  cycles  by  adjusting 
the  frequency  of  the  beat  oscillator 
to  any  frequency  between  60  and 
61.8  kc.  After  further  amplification 
in  a-f  stages,  the  receiver  excites  the 
loudspeaker  or  headphones  and  the 
range  indicator  lamp. 

Roceiver  Circoit  Analysis 

Signal  circuits  of  the  receiver  are 
shown  in  simplified  form  in  Fig.  8. 
The  r-f  amplifier  stage  is  protected 
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from  voltage  surges  by  a  type  874 
gas  discharge  tube  in  series  with  a 
2,000-ohm  current-limiting  resistor. 
If  the  potential  across  the  secondary 
of  the  input  transformer  reaches  125 
volts,  the  gas  tube  becomes  conduc¬ 
tive  and  drops  the  voltage  to  80  volts. 
A  0.1-megohm  resistor  in  the  grid 
circuit  provides  additional  protection 
by  preventing  high  signal  voltages 
from  blocking  the  grid.  The  voltage 
gain  of  the  r-f  stage  is  approximately 
25. 

The  first  r-f  oscillator  stage  em¬ 
ploys  inductive  feedback.  Padder 
and  trimmer  capacitors,  not  shown, 
enable  oscillator  and  r-f  stages  to 
track  together,  with  the  oscillator 
frequency  always  60  kc  above  that 
of  the  r-f  stage. 

The  term  varistor  applied  to  the 
first  detector  is  derived  from  its  ac¬ 


tion  as  a  variable  resistor.  Each 
of  the  four  copper-oxide  rectifier 
junctions  acts  as  a  resistor  whose 
resistance  is  controlled  by  the  polar¬ 
ity  of  the  voltage  applied  across  it. 
With  no  voltage,  the  resistance  of  a 
junction  is  approximately  300  ohms; 
with  voltage  of  one  polarity  this 
drops  to  50  ohms,  and  with  voltage 
of  opposite  polarity  it  goes  up  to  10,- 
000  ohms.  The  alternating  voltage 
supplied  by  the  oscillator  to  the 
center  taps  of  the  two  varistor 
circuit  transformer  windings  is  much 
larger  than  the  incoming  a-c  signal 
and  hence  completely  controls  the 
varistor  values.  When  point  A  is 
positive  with  respect  to  B,  junctions 
1  and  2  have  low  resistance  and  junc¬ 
tions  3  and  4  have  high  resistance, 
so  that  most  of  the  signal  current 
takes  the  straight-through  path 


through  1  and  2.  When  A  is  nega¬ 
tive,  junctions  1  and  2  have  high 
resistance  and  3  and  4  have  low 
resistance,  so  that  most  of  the  signal 
current  now  takes  the  crossed  paths 
through  junctions  3  and  4.  In  effect, 
then,  the  varistors  act  like  a  re¬ 
versing  switch  controlled  by  the 
local  oscillator. 

Each  time  the  oscillator  voltage 
reverses,  the  conductivity  of  the 
varistor  system  reverses,  and  the 
current  through  the  output  trans¬ 
former  reverses  its  direction.  Sim¬ 
ilarly,  the  current  through  the  out¬ 
put  transformer  reverses  each  time 
the  incoming  signal  reverses.  The 
total  number  of  reversals  is  thus 
equal  to  the  sum  of  the  two,  giving 
a  resultant  output  wave  with  a  fre¬ 
quency  equal  to  the  sum  of  the  oscil¬ 
lator  and  signal  frequencies.  There 
is  also  a  difference  frequency  in  the 
output,  as  can  be  shown  by  mathe¬ 
matical  analysis  or  by  plotting  and 
combining  individual  waveforms,  so 
that  performance  of  the  varistor  cir¬ 
cuit  is  exactly  comparable  to  that  of 
a  conventional  mixer-first  detector. 
The  output  of  the  r-f  oscillator  is 
coupled  to  the  first  detector  varistor 
circuit  through  a  resistor  and  ad¬ 
justable  capacitor  network  that  per¬ 
mits  proper  balancing  of  the  varistor 
circuit  so  that  neither  of  the  input 
frequencies  are  in  the  output.  This 
feature  and  an  extremely  long  life 
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are  two  outstanding  advantages  of 
varistor  modulators. 

Each  i-f  transformer  has  two  sec¬ 
ondaries  (not  shown),  one  being 
closely  coupled  to  give  a  broad  fre¬ 
quency  response  and  the  other  being 
loosely  coupled  to  give  a  sharp  re¬ 
sponse,  with  a  ganged  bandwidth 
switch  provided  for  changeover.  A 
potentiometer  in  the  common  cathode 
circuit  for  the  first  two  i-f  stages 
provides  a  gain-control  range  of  100 
db,  alfecting  both  audible  and  range 
indicator  output. 

When  the  heterodyne  switch  for 
the  second  detector  is  off,  the  var¬ 
istor  second  detector  is  biased  only 
by  d-c  and  the  diagonally  connected 
junctions  are  ineffective ;  in  addition, 
the  junction  on  one  side  is  shorted 
out  and  a  resistor  (not  shown)  is 
inserted  in  the  detector  circuit  to 
distribute  bias  voltage  properly  so 
that  the  varistor  acts  as  a  simple 
half-wave  rectifier-type  detector  in 
separating  audible  modulation  from 
the  60-kc  modulated  i-f  output  signal. 
When  heterodyne  operation  is  em¬ 
ployed  to  change  an  unmodulated  i-f 
signal  to  an  audible  beat  note,  con¬ 
nections  are  as  shown  and  operation 
is  essentially  as  for  the  varistor  first 
detector  and  its  oscillator. 

A  200-/i.p.f  capacitor  shunted 
across  the  audio  amplifier  input 
acts  as  a  low-pass  filter  and  effec¬ 
tively  bypasses  to  ground  the  sum- 


frequency  component  of  the  second 
detector  output.  With  the  filter 
switch  (between  audio  stages)  in 
the  flat  position,  there  are  no  filters 
in  the  circuit  and  frequencies  from 
200  to  3,000  cps  are  passed.  This 
switch  provides  two  degrees  of  fre¬ 
quency  discrimination  by  inserting 
either  of  the  LC  bandpass  filter  net¬ 
works. 

The  pass  band  of  the  receiver  is 
made  variable  to  meet  two  require¬ 
ments.  While  listening  for  under¬ 
water  noises,  the  receiver  should 
have  a  wide  pass  band  to  give  max¬ 
imum  response  to  noise.  On  echo 
ranging,  however,  the  receiver  pass 
band  should  be  narrow  and  the  out¬ 
put  peaked  at  the  frequency  of  the 
echo  to  discriminate  against  noises 
which  tend  to  hide  the  echo. 

The  time-varied  gain  circuit  acts 
on  the  control  grids  of  the  first  two 
i-f  stages  to  reduce  receiver  gain 
to  a  minimum  at  the  instant  of  key¬ 
ing  and  allow  the  gain  to  return  to 
normal  gradually  as  the  initially 
strong  reverberations  decrease.  This 
suppresses  the  loud  crashing  rever¬ 
beration  noise  that  would  otherwise 
be  reproduced  by  the  loudspeaker. 
While  a  signal  is  being  sent,  the 
time-varied  gain  circuit  applies  a 
potential  of  minus  75  volts  across 
a  0.5-/if  capacitor,  leaving  it  charged. 
By  means  of  a  bank  of  resistors  ar¬ 
ranged  as  a  potentiometer,  the  de- 
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sired  fraction  of  this  voltage  is  ap¬ 
plied  to  the  control  grids,  either 
blocking  or  greatly  reducing  their 
gain.  After  keying  is  completed,  the 
charging  potential  is  removed  by  re¬ 
lease  of  the  keying  relay,  and 
the  capacitor  gradually  discharges 
through  the  potentiometer  to  restore 
normal  bias  in  from  2  to  20  millisec¬ 
onds  after  keying. 

During  keying,  it  is  quite  iiossible 
for  extremely  high  surge  voltages 
to  be  built  up  across  the  primary 
windings  of  the  a-f  output  trans¬ 
formers.  To  prevent  insulation 
breakdown,  a  silicon-carbide  protec¬ 
tor  is  connected  across  each  primary. 
The  resistance  of  this  device  de¬ 
creases  as  the  voltage  is  raised,  so 
that  the  transformer  windings  are 
effectively  short-circuited  for  the 
duration  of  any  surges. 


erodyn*  ■  t«c«iTer,  showing  time-Taried  gain  circuit  and  Taristor  detectors 
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MODERN  HOME 


By  Z.  BENIN 

Engineering  Department 
Zenith  Ratlin  Corporation 
Chicago,  Illinois 


TO  SATISFY  the  widest  demand,  a 
complete  home  radio  receiver 
must  have  standard  broadcast  and 
shortwave  a-m  bands,  two  f-m  bands 
and  automatic  tuning.  The  major 
problem  is  development  of  an  88  to 
108-mc  frequency-modulation  circuit 
providing  maximum  performance  at 
a  minimum  price.  This  circuit  must 
be  so  designed  that  conventional  a-m 
sections  may  be  added  economically. 

In  following  paragraphs,  one  par¬ 
ticular  design  solution  is  discussed 
and  other  engineering  possibilities 
are  indicated.  The  circuit  of  the  re¬ 
ceiver  is  shown  in  Fig.  1.  Tubes  and 
circuits  for  the  100-mc  band  were 
so  chosen  that  they  could  be  satis¬ 
factorily  switched  to  conventional 
a-m  service.  High-gain  tubes  and  the 
extra  i-f  stage  necessary  for  the  f-m 
receiver  made  solution  of  gain  and 
selectivity  problems  on  the  a-m  band 
simple. 

Demod«lator  Circuits 

The  f-m  design  is  based  on  a 
limiter  tube  combined  with  a  bal¬ 
anced  discriminator  or  phase  detec¬ 
tor.  This  design  has  had  the  most 
field  experience  and  was  chosen  for 
initial  production,  while  ratio  de¬ 
tectors  and  synchronized  oscillators 
are  being  extensively  worked  on  in 
the  laboratory.  The  demodulator  re¬ 


Chossis  of  receiTor  designed  to  cover  the  standard  broadcast  and  short-wave  bands, 

and  the  two  i-m  bands 


quires  three  diodes,  two  for  f-m  and 
one  for  a-m.  These  must  be  separate 
diodes  to  avoid  circuit  switching  of 
high  i-f  voltage  at  this  point. 

At  least  one  of  the  diodes  must 
have  a  separate  cathode  to  operate  at 
the  high  potential  end  of  the  dis¬ 
criminator.  With  economy  in  mind, 
the  Type  6S8GT  triple-diode,  high- 
mu  triode  was  designed.  The  circuit 
switching  is  accomplished  at  audio 
frequency,  and  the  volume  control  is 
switched  from  the  a-m  audio  load 
resistor  to  the  f-m  audio  load  resis¬ 
tor. 

The  design  requirements  of  a  suit¬ 
able  discriminator  are  many.  It  must 
be  linear  in  output  versus  frequency 
for  the  full  75-kc  deviation  each  side 
of  the  center  frequency.  It  must  be 
linear  over  an  additional  frequency 
range  to  take  care  of  user  errors  in 
tuning.  (Even  radio  engineers  will 
sometimes  mistune  40  kilocycles  off 
the  discriminator  center  during  pro¬ 
gram  periods  of  low  deviation.)  This, 
added  to  the  rapid  departure  from 
linearity  clo.se  to  the  discriminator 
peaks,  requires  a  design  in  which 


peak-to-peak  frequency  separation 
is  a  minimum  of  300  kc,  with  pro¬ 
duction  variations  to  400  kc.  A  wider 
discriminator  characteristic  results 
in  a  sub.stantial  loss  in  audio  output, 
an  undesirable  increa.se  in  distortion, 
and  a  tendency  for  spurious  detec¬ 
tion  respon.ses  beyond  the  peaks  to 
become  more  noticeable. 

Aadio  Level 

A  high  audio  or  deviation  sensitiv¬ 
ity  of  the  discriminator  is  necessary 
so  that  a-m  to  f-m  switching  shall 
occur  with  a  minimum  change  of 
audio  level.  On  a-m,  a  mediocre  avc 
characteristic  is  tolerable  and  not 
easily  avoidable  with  the  current 
use  of  high-gain,  semi-remote-cutoff 
tubes  and  the  removal  of  avc  from 
converter  tubes.  The  f-m  output,  due 
to  the  more  stringent  limiter  require¬ 
ments,  results  in  a  better  equivalent 
avc  and,  while  always  higher  than 
a-m  at  low  input,  it  must  also  be 
equal  to  the  highe.st  a-m  audio  level. 

To  meet  the  above  audio  level  re¬ 
quirements,  an  i-f  voltage  of  approxi¬ 
mately  10  volts  is  necessary  and  this 


94 


August,  1946  —  ELECTRONICS 


RECEIVER  DESIGN 

Analysis  of  various  possible  circuit  arrangements  adaptable  to  a  combination  f-m  and  a-m 
receiver.  Reasons  for  selection  of  each,  willi  simplicity  of  operation  and  satisfactory  response 

as  tbe  end  result,  are  given 


appears  at  the  discriminator  at  all 
inputs  including  the  minimum  us¬ 
able  signal.  This  contrasts  with 
about  0.2  volt  required  at  the  a-m 
demodulator  diode.  Thus  the  gain  on 
f-m  must  be  50  times  greater  than 
the  gain  required  on  a-m. 

Limiter  Stage 

In  the  limiter  stage,  economy  calls 
for  a  single-tube  limiter,  and  the 
grid-bias  limiter  using  a  sharp  cut¬ 
off  tube  with  low  screen  voltage  op¬ 


erates  satisfactorily.  The  inherent 
contact  potential  of  approximately 
0.5  volt  on  all  thermionic  tubes  im¬ 
poses  a  low  limit  on  the  voltage  neces¬ 
sary  for  operation.  A  minimum  of 
one  volt  to  the  tube  grid  will  permit  a 
50-percent  change  in  amplitude  and 
still  be  on  the  operating  range  of  the 
tube  Eg-I,  characteristic.  This  is  the 
minimum  voltage  for  which  the  lim¬ 
iter  can  suppress  a-m  modulation 
due  to  the  i-f  selectivity  characteris¬ 
tic  and  similarly,  noise.  This  input 


must  also  produce  the  required  10 
volts  output  to  the  discriminator. 

Where  further  improvement  is  de¬ 
sired,  overloading  of  the  limiter  grid 
may  be  reduced  by  designing  the 
last  i-f  stage  for  some  measure  of 
additional  limiting  such  as  the  addi¬ 
tion  of  a  diode  to  the  last  trans¬ 
former  to  limit  the  voltage  level, 
or  the  use  of  avc  from  the  limiter 
to  control  the  r-f  tubes.  The  use  of 
avc  on  the  i-f  tubes  is  undesirable 
since  it  results  in  a  change  of  effec- 
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tive  grid  circuit  capacitance  and 
mistuning  of  the  i-f  circuit,  with  con¬ 
sequent  dissymmetry.  Such  dissym¬ 
metry,  it  has  been  shown,  makes  for 
poor  impulse  noise  rejection,  f-m 
phase  distortion  and  undesirable 
manual  tuning  characteristics.  Since 
the  peak  noise  volts  at  the  avc  filter 
network  may  be  high,  causing  grid 
current  to  flow,  a  low  time-constant 
RC  network  will  change  a  short  dura¬ 
tion  pulse  to  one  of  longer  duration 
and  result  in  audible  noise. 

intermediate  Stages 

Since  the  overall  sensitivity  must 
be  as  high  as  possible  to  enable  op¬ 
eration  with  the  minimum  antenna, 
as  represented  by  the  one  installed 
within  the  radio  cabinet,  it  is  de¬ 
sirable  that  as  much  gain  as  possible 
be  achieved  at  the  intermediate  fre- 
‘  quency.  The  limiting  factor  is  the 
equivalent  grid  circuit  noise  voltage 
of  converter  tubes.  For  an  advan¬ 
tageous  signal-to-noise  ratio  at  this 
point,  the  maximum  desirable  sensi¬ 
tivity  was  about  50  microvolts  for 
1  volt  at  the  limiter,  or  a  gain  of 
20,000  times  in  the  i-f  amplifier. 

The  i-f  tubes  were  chosen  for  max¬ 
imum  voltage  gain  stability.  This  is 
given  by  the  ratio  of  Gm/Cg.p.  Some 
typical  tubes  and  their  pertinent 
characteristics  follow  in  the  approx¬ 
imate  order  of  choice: 


Tube  Type 

Gm 

Gn^/ Cg.p 

7W7 

5800 

.0025 

2,300  M 

6SH7 

4900 

.003 

1,600  M 

6SG7 

4000 

.003 

1,300  M 

6BA6 

4400 

.0035 

1,250  M 

The  highest  stable  gain  obtained 
was  about  50  times.  The  stage  feed¬ 


ing  the  limiter  is  loaded  by  the  lim¬ 
iter  grid  resistor  and  its  gain  is 
about  40  times.  The  converter  gain 
at  the  intermediate  frequency  was 
about  10  with  the  tubes  used.  The  re¬ 
sultant  is  40  X  50  X  10  =  20,000 
times. 

The  selectivity  characteristic  of 
the  broad  band  i-f  channel  was  re¬ 
quired  to  be  180  to  200  kc  at  two 
times  down  and  about  700  kc  at  1000 
times  down.  The  first  figure  was  de¬ 
cided  on  to  avoid  phase  distortion  and 
to  minimize  undesirable  amplitude 
modulation  which  makes  tuning,  more 
critical  and  requires  a  greater  de¬ 
gree  of  limiting  from  the  limiter 
stage.  The  latter  selectivity  figure  is 
due  to  the  assignment  by  the  FCC  of 
local  channels  spaced  400  kilocycles 
and  a  desire  to  achieve  a  high  degree 
of  adjacent  channel  selectivity.  To 
achieve  the  bandwidth  at  two  times, 
over-coupled  transformers  were  used. 
This  necessitates  oscilloscope  align¬ 
ment.  When  aligned  in  the  field  by 
servicemen,  these  transformers  are 
shunted  by  resistors,  aligned  for 
maximum  output,  and  then  the  align¬ 
ment  resistors  are  removed. 

Combination  Transformers 

The  mechanical  design  of  the  i-f 
transformers  is  illustrated  in  Fig.  2. 
It  was  felt  that  these  transformers 
represented  a  large  part  of  the  per¬ 
formance  and  cost  of  the  receiver  and 
considerable  work  was  done  to  make 
them  simple  and  compact.  Perme¬ 
ability  tuned  inductors  and  silvered 
mica  capacitors  are  used  for  good 
temperature-frequency  stability. 

A  single  molded  piece  provides  the 


four  posts  for  the  individual  pri¬ 
maries  and  secondaries  of  the  four 
tuned  circuits,  which  work  at  465  kc 
and  8.3  me.  A  well  in  the  molded  piece 
below  the  posts  contains  a  stack  of 
silvered  mica  discs  which  comprise 
the  tuned  circuit  capacitors.  Contact 
to  the  silvered  surfaces  is  made  by 
double-ended  formed  metal  pieces, 
one  end  providing  the  coil  terminal 
and  the  other  end  providing  a  ter¬ 
minal  for  chassis  wiring.  In  each  hol¬ 
low  coil  post  is  a  plastic  liner  into 
which  is  screwed  a  short,  threaded 
iron  core  to  provide  adjustment.  The 
elasticity  of  the  liner  economically 
substitutes  for  inside  coil  form 
threads  and  eliminates  the  difficult 
problem  of  maintaining  close  toler¬ 
ances  between  an  inside  thread  in  a 
plastic-  tube  and  the  outside  thread 
of  a  molded  iron  core. 

Both  primary  capacitors  are 


-so - - - 

I  10  100 

rime  in  minutes 


FIG.  3 — The  effectiyeness  of  a  ceramic 
compensating  capacitor  in  the  high-fre¬ 
quency  oscillator  circuit  of  the  receiver  is 
shown  by  this  curve  of  frequency  change 
versus  warm-up  time 


printed  in  silver  upon  a  single  mica 
disc,  with  another  disc  providing  the 
secondary  capacitors.  By-pass  ca¬ 
pacitors  associated  with  these  cir¬ 
cuits  are  incorporated  in  the  unit  by 
means  of  additional  mica  discs.  The 
result  is  a  unit  whose  frequency 
drift  for  30  C  change  in  ambient  tem¬ 
perature  is  approximately  10  to  20 
kc  without  the  erratic  behavior  of 
the  compression  trimmer  units  used 
in  the  past. 

Converter  Stage 

The  converter  design  places  a  se¬ 
vere  load  upon  the  single  tube  which 


FIG.  2 — Composite  i-f  transformer  for  455 
and  8.3  me.  The  silvered  mica  discs  show 
at  the  bottom  of  the  shield  con 
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permeability  tuning  was.  chosen  for 
the  100-mc  band.  There  are  available 
extremely  fine  particle-size  iron  pow¬ 
ders  which  maintain  circuit  Q  and 
permeability  at  this  frequency.  To 
further  enhance  frequency  stability, 
the  normal  trimmer  capacitor  was 
eliminated,  although  various  im¬ 
proved  silver-ceramic,  glass  and  air- 
dielectric  trimmers  have  been  de¬ 
signed  to  improve  stability  of  this 
adjustment. 

If  the  inductance  of  the  coil  varies 
logarithmically  versus  linear  move¬ 
ment  of  the  tuning  element,  then  a 
fixed  increment,  plus  or  minus,  of  ex¬ 
ternal  circuit  capacitance  may  be 
compensated  for  by  a  fixed  displace¬ 
ment  of  the  tuning  element.  After 
this  adjustment  is  made  at  any  one 
point  of  the  travel,  the  inductance- 
versus-travel  curve  is  the  same  as 
before.  To  satisfy  such  a  tuning 
characteristic,  the  r-f  and  oscillator 
coils  are  wound  with  a  variable  pitch 
determined  initially  by  experiment. 
Thereafter  the  winding  design  is 
duplicated  on  accurate  cam-driven 
winding  machines  to  an  inductance 
accuracy  of  approximately  rti  of  one 
percent  along  the  entire  length  of 
the  coil.  These  coils  are  pictured  in 
Fig.  4  and  their  slugs  are  operated 
by  the  cam  arrangement  shown  in 
Fig.  5. 

The  coils  were  designed  so  that 


— The  winding  oi  the  r-f  coil  at  left  is  tinsel  ribbon.  The  oscillator  coil  at  right 
is  hined  to  a  frequency  that  is  one-half  the  signal  frequency  plus  8.3  me 


economy  specifies.  The  main  require-  monic  operation  of  the  oscillator  was 
ments  are  a  high  conversion  conduct-  used  with  a  high  lump  circuit  ca- 
ance  for  gain  and  a  high  oscillator  pacitance.  The  drift  of  the  oscillator 
G*  to  support  oscillation  with  low  during  the  heating  time  is  shown  in 
impedance  circuits  at  low  line  volt-  Fig.  3. 

ages.  The  6SB7  pentagrid  converter  Harmonic  operation  is  not  feasible 
and  the  double-triodes  6J6  and  7F8  with  dual-triode  tubes  where  mixer 
best  fill  these  requirements.  The  voltage  injection  is  across  an  imped- 
negative  signal-grid  input  conduct-  ance.  Since  the  oscillator  circuit  to 
ance  of  pentagrid  converters  im-  signal  circuit  impedance  is  a  consid- 
proves  r-f  selectivity,  which  is  much  erable  mismatch,  more  power  is  re¬ 
needed  at  100  me,  and  the  internal  quired  for  impedance  injection.  A 
oscillator  modulation  feature  simpli-  pentagrid  converter  was  chosen,  al- 
fies  band  switching.  But  the  high  though  it  appears  that  a  high  Gm 
cathode  impedance,  necessary  for  os-  pentode  in  the  same  tube  envelope 
dilator  operation  of  this  type  of  with  a  high  G„  triode  and  intercon- 
tube,  makes  a  suitable  circuit  diffi-  nected  by  an  injection  grid  would 
cult  to  design  and  prone  to  spurious  make  a  better  converter.  Such  a  tube 
oscillation.  Double  triodes  result  in  does  not  exist  and  poses  a  serious  de¬ 
higher  conversion  conductances  but  sign  problem.  It  may  be  that  such  a 
suffer  from  low  signal-grid  imped-  tube  can  be  developed  in  the  near 
ance  as  a  result  of  plate  circuit  de-  future, 
generation  through  the  triode  mixer 
grid-to-plate  capacitance. 

Before  a  choice  of  tube  is  made, 
the  oscillator  frequency-temperature 
stability  must  be  examined.  This  is 
of  great  importance  in  an  f-m  set 
since  a  drift  of  20  to  30  kc  may  be 
noticeable  at  the, discriminator,  af¬ 
fecting  audio  distortion  and  noise  re¬ 
jection.  Such  a  drift  is  but  a  small 
fraction  of  100  me  and  necessitates 
careful  design.  Most  of  the  fre¬ 
quency  drift  is  due  to  capacitance 
changes  within  the  oscillator  tube 
during  warm-up  and  to  stray  circuit 
changes  such  as  in  the  socket,  band 
switch,  and  wiring.  Since  these  total 
to  an  irreducible  minimum  capaci¬ 
tance  regardless  of  frequency,  it  is 
desirable  to  make  the  change  a  small 
part  of  the  total  tuned  circuit  capaci¬ 
tance.  For  this  reason,  second  har- 


FIG.  5 — Complete  tuning  assembly  of  the 
receiver.  The  shaft  of  the  capacitor  gang 
for  a-m  tuning  operates  the  cam  that  drives 
the  tuning  slugs  oi  the  f-m  circuits 


Tuning  Systems 

A  choice  must  be  made  between 
capacitor  tuning,  permeability  tun¬ 
ing,  or  reactance  tuning  by  means  of 
vanes,  metal  slugs  or  variations  of 
these.  For  loop  tuning  on  a-m,  the 
variable  capacitor  produces  the  high¬ 
est  signal  pick-up  sensitivity,  espe¬ 
cially  where  the  loop  size  is  limited 
by  the  cabinet. 

For  f-m  tuning,  a  variable  capaci¬ 
tor  suffers  from  inductance  in  its 
plates  and  its  rotor  wipers  and  from 
its  size,  which  makes  it  difficult  to 
obtain  short  wiring.  Circuit  coup¬ 
ling  through  the  common  shaft  may 
cause  regeneration  and  the  structure 
and  assembly  of  the  gang  capacitor 
cause  instability  with  temperature 
change. 

For  frequency  stability,  iron-core 
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they  could  be  placed  close  to  their 
accompanying  tubes  and  the  band 
switch  contacts  pertinent  to  100  me 
were  nested  between  coil  and  tube. 
The  result  was  short  leads  with  the 
major  portion  of  the  tuned  circuit 
capacitance  lumped  directly  across 
the  coil. 

R'F  Problem 

The  choice  of  an  r-f  tube  involves 
gain,  selectivity,  and  signal-to-noise 
ratio  to  such  an  extent  that  as  good 
a  tube  as  can  be  afforded  is  desirable. 
The  gain  and  selectivity  may  be  eval¬ 
uated  by  the  product  of  mutual  con¬ 
ductance  and  input  resistance  for 
each  tube.  The  tube  noise  factor  de¬ 
pends  on  mutual  conductance  divided 
by  the  square  root  of  plate  current. 
The  ratio  of  plate  current  to  total 
cathode  current  should  be  high.  Some 
tube  choices  are: 


Tube 

F, 

6AK5 

5100 

7000 

6AG5 

5000 

3500 

6SG7 

4000 

1000 

6BA6 

4400 

1000 

where  Ri  =  approximate  input  re¬ 
sistance  at  100  me.  The  6AG5 
seemed  a  good  compromise  between 
tube  cost  and  performance. 

The  tube  input  resistance  is  com¬ 
parable  to  the  circuit  impedance 
since  Q/toc  at  these  frequencies  may 
be  about  3000  to  5000  ohms,  thus  the 
tube  seriously  affects  selectivity.  The 
r-f  selectivity  is  of  concern  since 
400-kc  station  separation  represents 
0.4  percent  of  the  average  signal  fre¬ 
quency,  whereas  in  the  standard 
broadcast  band  the  local  station  sep¬ 
aration  of  50  kc  represents  five  per¬ 
cent  of  the  average  signal  frequency. 
This  means  the  f-m  local  stations  are 
12  times  closer  together  than  the 
local  a-m  stations  are  to  each  other. 

The  r-f  selectivity  may  be  evalu¬ 
ated  by  the  image  ratio  and  is  given 
by: 

0x4  Fi/F, 

where  Ft  and  F.  are  intermediate 
and  signal  frequency  respectively. 
Using  8.3  me  and  100  me  and  Q  =  80, 
the  image  ratio  for  an  r-f  stage  is 
26  and  for  an  antenna  stage  is  one- 
half  this  due  to  antenna  loading.  The 
overall  image  ratio  is  approximately 
250  times.  The  image  ratio  is  con¬ 
sidered  of  prime  importance  as  a 
measure  not  so  much  of  direct  image 
frequency  interference  but  rather  as 


a  measure  of  front  end  selectivity 
against  the  spurious  harmonic  re¬ 
sponses  of  a  superheterodyne  re¬ 
ceiver. 

The  satisfactory  value  for  image 
ratio  is  yet  to  be  determined  by  field 
experience.  One  interesting  deriva¬ 
tion  points  out  that  on  a-m  the  ratio 
of  desired  to  undesired  signal  at  the 
second  detector  should  be  at  least  100 
to  1.  For  f-m  signals  at  the  limiter 
grid,  the  comparable  ratio  is  ap¬ 
proximately  3  to  1  for  the  same 
interference  output  ratio.  The 
advantage  of  f-m  over  a-m  is  100/3 
or  approximately  30  times.  An  image 
ratio  of  250  times  for  f-m  might  be 
considered  as  equivalent  to  250  X  30 
or  7500  times  for  a-m.  The  latter 
figure,  we  know,  is  quite  satisfactory 
in  performance. 

The  sensitivity  of  the  receiver  was 
found  to  be  better  than  ten  micro¬ 
volts  in  production.  The  sensitivity 
figure  for  f-m  sets  means  the  mini¬ 
mum  input  that  will  provide  the  free¬ 
dom  from  noise  and  interference  in¬ 
herent  in  the  f-m  system.  This  may 
be  expressed  as  the  minimum  input 
which  with  full  75-kc  modulation  de¬ 
viation  delivers  an  audio  output  free 
from  distortion  due  to  i-f  curvature 
and  free  from  noise  due  to  input 
resistors  and  r-f  tubes.  Observa¬ 
tions  show  that  with  the  best  prac¬ 
tical  tubes  the  maximum  sensitivity 
using  a  300-ohm  dummy  is  about 
three  microvolts  and  is  limited  by 
tube  and  antenna  noise. 

The  resultant  design  of  the  basic 
f-m  section  will  vary  widely  in  the 
next  few  years  as  engineers  answer 
differently  the  problems  of  gain, 
drift,  and  selectivity,  until  field  ex¬ 
perience  and  competitive  perform¬ 
ance  point  to  the  best  solution. 

Aadio  System 

The  audio  amplifier  utilizes  the 
plate-current  efficiency  and  low  driv¬ 
ing  voltage  requirement  of  beam- 
power  tubes  and  the  low  cost  and  flat 
frequency  response  of  resistance- 
coupled  phase  inversion.  The  total 
power  output  is  15  watts,  with  9 
watts  at  10  percent  distortion,  and 
the  audio  gain  is  1500. 

The  need  of  a  common  audio  chan¬ 
nel  for  both  a-m  reception  and  the 
higher  quality  f-m  reception  has  re¬ 
sulted  in  an  amplifier  that  is  capable 
of  higher  fidelity  than  the  a-m  sys¬ 
tem  will  allow.  The  limitation  in 


the  a-m  system  is  usually  loss  of  high 
audio  frequencies  due  to  side-band 
cutting  of  selective  circuits.  Addi¬ 
tional  attenuation  of  high  audio 
frequencies  is  necessary  to  lower 
reception  noise  and  hiss.  Such  at¬ 
tenuation  of  high  frequencies  does 
not  occur  appreciably  in  f-m  selective 
circuits  and  the  noise  rejection  is  a 
function  of  the  system  and  makes 
unnecessary  such  high-frequency  at¬ 
tenuation.  As  a  result  the  audio 
amplifier  is  identical  for  both  sys¬ 
tems,  the  receiver  selectivity  ac¬ 
counting  for  the  difference  in  high- 
frequency  response. 

In  practical  design,  some  com¬ 
promise  must  be  made  as  to  the  high- 
frequency  cutoff  on  f-m.  Recordings 
are  still  being  used  to  some  extent 
on  f-m  stations  and  distortion  is 
often  present  at  the  highest  audio 
frequencies  which  is  unnoticed  in 
a-m  or  usual  phonograph  playing. 
Therefore,  some  attenuation  of  the 
highest  audio  frequencies  is  advis¬ 
able  at  the  f-m  detector  output  until 
such  time  as  records  are  improved, 
direct  studio  pickup  more  widely 
used,  and  wire  lines  are  made  better. 

At  the  low-frequency  end  of  a  re¬ 
ceiver  audio  spectrum,  some  trouble 
is  encountered  in  the  bass-boost  de¬ 
sign.  For  a-m  reception,  the  audio 
amplifier  input  network  has  a  rising 
gain  characteristic  for  decreasing 
frequencies.  This  makes  up  for 
speaker  and  cabinet  deficiencies  and 
does  not  become  excessive  at 
extremely  low  frequencies  since 
transmitter  modulation  on  a-m 
falls  off  rapidly  at  extremely  low 
audio  frequencies. 

For  f-m  reception,  such  an  audio 
amplifier  characteristic  may  be  un¬ 
satisfactory.  This  is  due  to  the  bet¬ 
ter  low-frequency  modulation  char¬ 
acteristic  of  f-m  transmitters  where 
modulation  is  often  carried  out 
directly  by  tube  characteristics  act¬ 
ing  on  r-f  circuits,  as  against  a-m 
transmitters  where  modulation  is 
carried  out  by  audio  transformers 
of  limited  low-frequency  character¬ 
istics.  The  result  could  be  excessive 
bass-boost  on  f-m  and  calls  for  a 
balance  between  the  necessary  low- 
frequency  accentuation  of  a-m  and 
the  added  low  frequencies  present  on 
f-m.  This  can  be  finally  adjusted 
by  the  low-frequency  design  of  the 
f-m  detector  audio-output  character¬ 
istic. 
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Cathode  Follower  Coupling 
in  D-C  Amplifiers 


New  screen-coupled  cathode  follower  and  phase  inverter  circuits  permit  design  of  three-tuhe 
d-c  amplifier  operating  from  a  single  250-volt  power  supply,  providing  a  gain  of  60  dh  with 
flat  response  from  0  to  20,000  kc  and  almost  unmeasurahly  low  circuit  noise  level 


By  Y.  P. 


YU 


Project  Engineer,  Ansley  Radio  Corporation,  Trenton,  N.  J. 


The  method  of  coupling  between 
stages  is  one  of  the  difficulties 
in  the  design  of  d-c  amplifiers  with  a 
single  power  supply,  because  the  out¬ 
put  of  a  given  stage  is  usually  at  a 
high  quiescent  d-c  potential  above 
ground.  In  order  to  couple  this  out¬ 
put  to  the  next  stage,  the  high  d-c 
potential  must  be  cancelled  in  some 
manner. 

One  method  employs  a  separate 
power  source,  as  shown  in  Fig.  lA^ 
Here  feedback  through  the  power 
supply  introduces  oscillation  or  other 
undesirable  effects,  and  highly  reg¬ 
ulated  power  supplies  are  needed. 

Another  method  utilizes  a  type 
VR  cold-cathode  gas  tube,  as  shown 
in  Fig.  IB*.  The  defects  of  this  ar- 


UG.  1 — Two  conrentional  mothods  of 
coupling  between  stages  In  a  d-c  amplifier 


rangement  are  noise  due  to  dis¬ 
charge  in  the  gas,  and  heavy  current 
drawn  by  the  VR  tube. 

In  order  to  overcome  these  diffi¬ 
culties,  two  methods  are  introduced 
in  this  paper.  One  is  a  pushpull 
phase  inverter  arrangement  wherein 
a  large  cathode  bias  may  be  employed 
without  the  usual  attendant  dis¬ 
advantage  of  negative  feedback,  and 
the  other  involves  coupling  the  plate 
of  one  stage  to  the  screen  of  a 
cathode  follower  stage. 

Phase  Inverier  Circuit 

The  quiescent  d-c  cathode  poten¬ 
tial  of  a  vacuum  tube  can  be  raised 
to  a  high  value  by  means  of  a  large 
resistance  connected  from  the  cath¬ 
ode  to  ground.  In  Fig.  2,  the  cath¬ 
ode  quiescent  d-c  potential  of  T,  or 
T,  is  equal  to  the  voltage  drop 
across  resistor  /?».  Also,  £'k  is  equal 
to  Eh,i  (the  quiescent  plate  potential 
of  T,)  plus  Eec  (the  bias  voltage  of 
T,  or  T,). 

In  an  ideal  phase  inverter,  the  in¬ 
put  of  Tt  should  be  equal  to  and 
180  degrees  out  of  phase  with  the 
input  of  Likewise,  the  output  of 
Tt  should  be  equal  and  180  degrees 
out  of  phase  with  the  output  of  T,. 
Therefore,  the  negative  feedback 
produced  in  /?*  by  the  plate  current 
of  Tt  is  canceled  completely  by  the 
negative  feedback  produced  in  Rt  by 
the  plate  current  of  T,,  since  they 
are  equal  and  180  degrees  out  of 
phase. 


The  values  of  /?„  /?.,  iJ«,  Rs,  and 
R*  in  the  circuit  of  Fig.  2  can  be 
calculated  as  follows: 

Rt  Rt  =  Ri  (!)• 

D  _  Ebo\  +  Eee 

ft.  =  ■  2/"-  (2> 

where  R*,!  is  the  quiescent  plate  vol¬ 
tage  of  7„  Eee  is  the  bias  voltage  of 
Tt  or  r,,  and  /*.,  is  the  quiescent  plate 
current  of  T*  or  T,.  For  ideal  phase 
inversion,  the  input  of  T,  has  its 
quiescent  d-c  potential  equal  to  Et,^ 
and  its  instantaneous  signal  com¬ 
ponent  equal  to  minus  which  is 
the  signal  component  of  the  grid 
potential  of  T,.  Since  the  input  of 
Tt  is  taken  at  point  B,  we  have 


FIG.  2 — Pushpull  phase  iuTerler  circuit  for 
d-c  amplifier 
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FIG.  3 — Procticcd  d-c  omplillor  drctdt  employing  phene  inTerter 
stage  cmd  requiring  only  250-Tolt  plate  supply 


FIG.  4 — Direct-current  amplifier  using  double  triode  ahead  oi 
phase  inTerter  to  cancel  plate  current  chemges  in  first  stage  due 
to  changes  in  certhode  surface 


the  characteristics  of  these  two 
tubes,  we  have: 

6SJ7  6SN7 

Eh»i  »  50  volts  Ehgt  85  volts 

Eboi  =  40  volts  Ecet  —  2  volts 

Eeei  ■»  —  0.5  volt  Iboi  ■»  4  ma 

Iboi  a  2  ma  gt  =  500  X  10~* 

Calculation  gives  the  following 
values  for  the  resistors: 

Ek  =“  Ebol  +  Eee2  =  50  +  2 
„  ,  Ebol  +  Eed  50  +  2 


Rt  =  Ebh/ist  Ebol  +  Iboi)  (4) 

where  (Ebb  —  hoaRt)  is  the  quiescent 
d-c  potential  at  point  B,  Ebb  is  the  B 
power  supply  voltage,  p,  is  the  trans¬ 
conductance  of  Ts  at  the  operating 
point,  ifu  is  the  instantaneous  signal 
component  of  the  plate  current  of  T,, 

is  the  instantaneous  signal  com¬ 
ponent  of  the  grid  potential  of  T„ 
and  —  is  the  instantaneous 

signal  component  of  the  potential 
at  point  B. 

The  magnitude  of  the  input  voltage 
at  the  control  grid  of  T,  is  set  by 
adjusting  the  ratio  of  RJRo,  where 
Ri  and  Rb  are  simply  arranged  as  a 
potentiometer.  In  other  words,  the 
ratio  Ebojeg,  determines  the  values 
of  Rb,  and  the  magnitude  of  E  6*1  or 
e„  determines  the  value  of  the  ratio 
RjRb. 

The  value  of  R,  +  R,  should  be 
very  large  in  comparison  to  R^,  be¬ 
cause  the  potential  at  point  B  should 
not  change  appreciably  after  con¬ 
nection  of  resistors  R,  +  R,  from 
point  B  to  ground.  Also,  the  value 
of  R,  should  not  exceed  the  allow¬ 
able  grid  leak  value  of  T,.  About  8 
to  7  megohms  for  Rt  +  R,  is  satis¬ 
factory  in  most  cases. 

The  ratio  Rj{R,  +  i?#)  may  be  ex¬ 
pressed  in  two  ways: 


Design  Considerations 

Suppose  a  d-c  amplifier  is  to  be 
designed  by  using  a  6SJ7  as  Ti  and 
a  double  triode  6SN7  as  T,  and  T,, 
with  a  plate  supply  voltage  of 
250  volts,  as  shown  in  Fig.  3.  From 
manufacturer’s  specifications  giving 


FIG.  5  (above) — Basic  double-triode  ^ciUt 
used  to  cancel  effects  of  cathode  noise 


FIG.  6  (upper  right) — ^Basic  screen-coupled 
cathode  follower  cirettit 


FIG.  7  (lower  right) — Equivalent  circuit  of 
screen-coupled  cathode  follower 
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Table  I  —  Mathematical  Analysis  of  Screen-Coupled  Cathode 

Follower  Circuit 


Eu 

92  Eui  +  Ih&i 


input  voltage  to  Ti 

input  voltage  to  Fj 

output  signal  voltage  from  T\ 

output  si^al  voltage  from  T* 

screen  grid  resistance  of  Tj 

control  grid-to-plate  transconductance  of  T\ 

control  grid-to-plate  transoonductance  of  Ft 

screen  current  of  Fj 

load  resistor  in  plate  circuit  of  Fi 

bias  resistor  for  F* 

screen  grid-to-plate  transconductance  of  F» 
{g2p  Eint  +  iao)  Rk  Eint  —  t 

EinS  _  Eot  Eet  rp  /  wp  I?  \ 


8,620  ohms 

If  Ri  +  Rt  =  5  megohms  is  used, 
from  Eq.  6  Ri/5  megohms  = 
1/(8,620  X  600  X  10-),  R,  =  1.14 
ohms,  and  /J,  =  6  —  1.14  =  8.86  ohms. 

If  the  exact  values  of  resistance 
are  not  obtainable,  a  potentiometer 
may  be  used  for  R,  and  adjusted  to 
the  right  value.  The  total  voltage 
gain  of  this  amplifier  is  about  67  db, 
with  uniform  gain  up  to  12  kilo¬ 
cycles.  A  high-gain  stage  should 
not  be  used  for  this  type  of  phase 
inverter  circuit  because  when  the 
ratio  Ri/Ra  is  very  high,  stability 
may  be  poor  unless  temperature- 
compensated  resistors  are  used. 


Low  Noise  Level  Circuit 


In  Fig.  4,  a  double-triode  6SC7  is 
used  instead  of  a  6SJ7,  in  order  to 
cancel  the  change  in  plate  current 
of  the  first  stage  due  to  the  changes 
in  work  function  of  the  cathode  sur¬ 
face  of  the  tube.*  The  basic  circuit 
is  shown  in  Fig.  5,  and  the  function 
of  this  circuit  is  explained  as  fol¬ 
lows: 

El  =  Cn  —  (t'l  +  tj)  Ri 

Et  =  (ti  -|-  tj)  Ri 

where  ii  and  u  are  plate  currents  of 


Fi  and  F,  respectively.  When  the 
signal  input  to  the  grid  of  Fi  is  zero, 

=  fir,  (El  —  E.)  and  i,  =  g,E,, 
where  gt  and  g»  are  the  transcon¬ 
ductances  of  T,  and  T,  respectively. 
Therefore 

El  -“  Ei  ^  El  —  [pi  ^1  “i"  ^  (.Si  “■  ft)l  R2 

By  rearranging  and  simplifying  the 
above  expression,  we  obtain  an  equa¬ 
tion  from  which  the  performance  of 
the  circuit  can  more  readily  be  de¬ 
duced  : 

„  P  Ex  —  gt  El  Ri 

When  Rt  is  equal  to  1/y.,  E,  — 
gJEiRt  =  0  and  Ei  —  E,  =  0.  The 
net  change  in  plate  current  ii  due  to 
random  changes  in  work  function  of 
the  cathode  surface  or  changes  in 
heater  voltage  is  therefore  zero.  A 
gain  of  30  to  32  db  can  be  expected 
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FIG.  8  (upper  left) — Practical  version  of 
screen-coupled  cathode  follower 


FIG.  9  (lower  left) — Screen<oupled  cathode 
follower  with  higher  negative  bias 


FIG.  10  (above) — Laboratory  circuit  used 
to  obtain  screen  characteristics  of  6J7 
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JFIG.  11 — Static  characteristics  of  617  for 
4.S-Yolt  bias 


FIG.  12 — Static  characteristics  of  617  for 
6-Tolt  bias 


trom  a  6SC7  in  this  type  of  opera¬ 
tion. 

The  noise  level  in  the  amplifier 
circuit  of  Fig.  4  is  down  to  prac¬ 
tically  zero  (about  0.01  microvolt 
referred  to  the  input)  with  the  in¬ 
put  terminals  shorted.  The  voltage 
gain  is  70  db  with  a  flat  frequency 
response  up  to  12  kilocycles  and  less 
than  1  percent  distortion  for  5  milli¬ 
volts  sensitivity.  Only  one  regulated 
260-volt  power  supply  is  required. 
Good  stability  (practically  constant 
output)  has  been  had  for  a  five-hour 
run  after  the  initial  warmup  period. 
Feedback  can  be  provided  from  the 
output  of  6AE5  to  the  bias  resistor 
of  6SC7  when  wider  frequency  re¬ 
sponse  is  desired. 

The  remarkable  feature  of  this 
method  of  coupling  is  that  the  noise 
level  and  the  distortion  percentage 
can  be  reduced  to  an  extremely  low 
value.  The  operation  also  can  be 
stabilized  to  a  very  high  degree  if 
all  resistors  are  temperature  com¬ 
pensated  and  all  heater  voltages  are 
carefully  regulated. 

The  objectionable  feature  of  this 
method  of  coupling  is  that  the  plate 
supply  voltage  available  for  the  last 
stage  is  low’  (only  95  volts  in  the 
circuit  of  Fig.  4).  This  defect  can 


be  avoided  by  the  method  of  coupling 
next  to  be  discussed. 

ScrMN-Conpled  Cathode  Follower 
Circeit 

If  the  input  of  a  cathode  follower 
circuit  is  coupled  to  the  screen  grid 
instead  of  the  control  grid  as  in  the 
usual  arrangement,  a  circuit  is  ob¬ 
tained  which  steps  dowm  the  quies¬ 
cent  d-c  potential  to  as  low  as  a  few 
volts  at  the  output  of  the  stage. 

In  Fig.  6,  the  input  from  the  plate 
of  the  preceding  stage  feeds  directly 
to  the  screen  grid  of  Tt.  The  output 
of  Tj  is  taken  from  /?»  and  directly 
feeds  to  the  control  grid  of  the  next 
stage.  The  quiescent  d-c  potential 
at  point  A,  equal  to  (/*.,  + /so), 
can  be  made  less  than  a  few  volts. 

The  equivalent  circuit  of  Fig.  6 
is  shown  in  Fig.  7.  The  equation 


FIG.  13 — Static  characteristics  of  617  for 
9-TOlt  bios 


FIG.  14 — Static  characteristics  of  6J7  for 
12*Tolt  bias 


for  the  voltage  gain  can  be  obtained 
by  a  mathematical  analysis  of  this 
circuit,  as  given  in  Table  I. 

When  the  value  of  I/Tho  is  very 
small  in  comparison  with  the  other 
terms,  the  voltage  gain  equation  may 
be  simplified  to 


Eoi  —  9ml  Eini  Rbl  9^p/ 


Then  the  gain  for  the  screen-coupled 
cathode  follower  stage  alone  is 


Therefore  the  maximum  gain  for 
the  screen-coupled  cathode  follower 
stage  (being  equal  to  one)  can  be 
obtained  when  p„»l//2».  When  the 
plate  current  and  the  screen  current 
both  are  small,  /?»  can  be  made  large 
because  even  with  a  large  /2*  the 
cathode-to-ground  potential,  equal  to 
Rk  (/»,  +  /«o),  is  still  not  too  large 
to  make  difficult  the  coupling  into 
the  next  stage. 

The  plate  current  and  the  screen 
current  of  a  tube  can  both  be 
lowered  by  increasing  the  negative 
bias  voltage  on  the  tube.  Unfortun¬ 
ately,  when  the  negative  bias  voltage 
increases,  the  screen  grid-to-plate 
transconductance  gt,  decreases. 

In  Fig.  8,  where  a  6SJ7  is  used 
as  the  first  stage  and  a  6J7  is  used 
as  the  screen-coupled  cathode  fol¬ 
lower  stage,  the  total  voltage  gain 
E,t/Eini  is  30  db  with  0.85  volt  peak 
output.  The  quiescent  d-c  potential 
at  point  A,  the  output  terminal,  is 
minus  1.5  volts.  This  negative  1.5 
volts  can  be  utilized  as  the  bias  volt¬ 
age  for  the  succeeding  stage,  and 
therefore  point  A  can  be  connected 
directly  to  the  control  grid  of  the 
next  stage. 

In  Fig.  9,  with  the  negative  bias 
increased  to  12  volts,  the  quiescent 
d-c  potential  at  point  P,  the  input 
terminal,  is  210  volts;  after  the 
screen-coupled  cathode  follower 
stage,  the  quiescent  d-c  potential  at 
point  A,  the  output  terminal,  is 
minus  1.5  volts.  Point  A  can  be 
connected  directly  to  the  control  grid 
of  the  succeeding  stage,  utilizing 
this  minus  1.5  volts  as  the  bias  vol¬ 
tage.  About  8  db  loss  in  voltage 
gain  resulted  from  the  screen- 
coupled  cathode  follower  stage. 

The  screen  characteristics  of  a 
type  6J7  tube  were  obtained  by  use 
of  the  laboratory  setup  shown  in 
Fig.  10,  with  results  as  given  in  Fig. 
11,  12,  13,  and  14.  The  portions  of 
the  curves  from  zero  plate  potential 
to  near  the  values  of  the  screen  grid 
potentials  have  been  neglected,  be¬ 
cause  the  screen  currents  are  so  high 
in  these  ranges  that  the  preceding 
stage  might  be  overloaded;  also,  the 
curvatures  of  the  plate  character¬ 
istics  are  so  high  that  large  per¬ 
centages  of  distortion  may  be  ex¬ 
pected.  Many  other  types  of 
pentodes  no  doubt  are  able  to  serve 
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FIG.  15 — Screen-coupled  cathode-iollower  in  d-c  amplifier  haring  FIG.  16 — Circuit  of  Fig.  15  with  feedback  resistor,  giring  60  db 
76  db  roltage  gain  and  flat  response  up  to  12  kc  gain  but  extending  flat  response  up  to  20  kc 


in  this  kind  of  arrangement.  The 
choice  lies  mainly  in  the  specifica¬ 
tion  required. 

Results  and  Discussion 

The  amplifier  circuit  in  Fig.  15, 
with  a  6SJ7  as  the  first  stage,  a  6J7 
as  a  screen-coupled  cathode  follower 
stage,  and  another  6SJ7  as  the  final 
stage,  has  a  total  voltage  gain  of 
76  db  with  2.5  percent  total  distor¬ 
tion  at  15  volts  peak  output.  The 
frequency  response  is  flat  up  to  12 
kilocycles.  The  amplifier  circuit  in 
Fig.  16  is  essentially  identical  ex¬ 
cept  that  a  feedback  resistor  is  pro¬ 
vided  from  the  output  of  the  last 
stage  (the  plate  of  the  6SJ7)  to  the 
cathode  of  the  first  stage.  The  fre¬ 
quency  response  is  raised  to  20  kilo¬ 
cycles  with  a  voltage  gain  of  60  db, 
and  the  distortion  is  reduced  to  less 
than  one  percent  at  15  volts  peak 
output. 

The  operation  of  screen-coupled 
cathode  followers  is  stable  with 
wide-band  frequency  response,  be¬ 
cause  the  circuit  is  highly  degen¬ 
erative.  There  is  no  appreciable 
change  in  output  for  a  six-hour  run 
after  the  initial  warmup  period. 

A  small  percentage  of  distortion 
is  to  be  expected  in  screen-coupled 
cathode  follower  circuits  due  to  the 
nonproportional  change  of  screen 
current  with  respect  to  change  of 
screen  potential;  in  other  words,  the 
screen  grid  resistance  is  not  exactly 
constant  when  the  screen  potential  is 
varying;  also,  the  screen  grid-to- 
plate  transconductance  Qt,  is  not  ex¬ 
actly  constant  when  the  screen 
potential  is  varying.  About  0.5  per¬ 


cent  distortion  is  produced  by  the 
screen-coupled  cathode  follower  cir¬ 
cuit  in  Fig.  8  when  the  output  is 
0.85  volt  peak  value. 

Conclusions 

Fortunately,  most  of  the  total  dis¬ 
tortion  in  a  screen-coupled  cathode 
follower  circuit  (about  85  percent  of 
the  total  distortion  in  the  amplifier 
circuit  of  Fig.  8)  can  be  cancelled 
by  a  pushpull  phase  inverter  ar¬ 
rangement  such  as  the  amplifier  cir¬ 
cuit  shown  in  Fig.  17.  Therefore, 
the  pushpull  arrangement  which  has 
been  discussed  in  the  early  part  of 
this  paper  may  be  incorporated  with 


the  screen-coupled  cathode  follower 
circuit  to  solve  the  problem  of 
coupling  between  stages  in  a  high- 
gain  d-c  amplifier  using  one  common 
power  supply  of  limited  d-c  voltage 
output. 
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FIG.  17 — Practical  circuit  combining  screen-coupled  cathode  follower  with  pushpull 
phase  inserter  to  giTe  high-gain.'  wide-bond  operation  with  only  a  single  conventionol 
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Flexible  Wave  Guides 


Three  types  of  guides  are  described  which  are  used  in  sys¬ 
tems  requiring  one  or  more  flexible  components  able  to 
bend,  twist,  stretch  or  compress  at  the  time  of  installation 
or  repeatedly  thereafter 


By  ALTON  R.  ANDERSON  and  ALFRED  M.  WINGHELL 

American  Metal  Ho»e  Branch 
American  Braes  Co. 

Waterburvt  Conn. 


FIG.  1 — Enlarged  cut-away  Tiew  showing 
construction  of  interlocked  type  of  flexible 
wore  grdde 


ijLTHOUGH  Lord  Rayleigh  published 
iTAa  paper^  nearly  fifty  years  ago 
dealing  with  the  transmission  of  elec¬ 
tromagnetic  waves  through  hollow 
conducting  tubes,  it  was  not  until  re¬ 
cent  years  that  this  technique  found 
practical  application.  With  the  ad¬ 
vent  of  radar  and  other  microwave 
equipments  transmission  of  radio¬ 
frequency  energy  through  such  tubes, 
now  known  as  wave  guides,  became 
commonplace. 

There  are  several  reasons  why 
wave  guides  are  used  at  the  higher 
frequencies  among  them  being  that 
they  provide  lower  attenuation  and 
will  handle  more  power  than  other 
types  of  transmission  line  such  as 
coaxial  cable  or  parallel  wire  lines. 
At  wavelengths  greater  than  about 
20  centimeters  (1,500  megacycles) 
however,  the  size  of  guide  required  is 
too  large  to  be  generally  useful.  On 
the  other  hand,  at  wavelengths  be¬ 
low  about  3  centimeters  (10,000 
megacycles)  they  are  almost  invari¬ 
ably  used  since  they  are  by  far  the 
most  efficient  and  satisfactory  type 
of  transmission  line  available  for 
operation  in  this  region.  In  the 
region  from  about  8  to  20  centi¬ 
meters  either  wave  guides  or  coaxial 
cables  are  used,  depending  upon  the 
requirements  of  a  given  applicati^'’-. 
Parallel  wire  lines,  owing  to  diffi¬ 
culties  in  construction  and  excessive 
losses  by  radiation  at  the  high  fre¬ 
quencies  involved,  are  practically 
never  used  for  microwave  work. 

104 


Although  it  is  possible  to  transmit 
radio-frequency  energy  through  hol¬ 
low  pipes  of  various  cross-sectional 
shapes,  wave  guides  of  rectangular, 
or  nearly  rectangular  cross-section 
made  of  copper,  brass,  bronze  and 
aluminum  have  been  commonly  used 
and  are  frequently  silver  plated  to 
provide  a  corrosion-resisting  highly 
conducting  surface  layer.  Sometimes 
gold  plate  is  used ;  this  has  fair  con¬ 
ductivity  and  is  practically  immune 
to  corrosion.  The  attenuation  of  a 
given  guide  decreases  as  the  electri¬ 
cal  conductivity  of  its  inside  surface 
is  increased  but,  since  at  microwave 
frequencies  depth  of  penetration  is 
small,  only  a  thin  layer  of  good  con¬ 
ducting  material  is  needed.  This  may 
be  applied  to  a  base  of  relatively  high 
resistance  metal  or  even  to  a  noncon¬ 
ducting  material. 

Angles  In  Gnidn  Systems 

The  piped  wave  follows  the  guide 
so  that  it  is  possible  to  make  bends, 
angles,  or  twists  in  the  tubing — pro¬ 


vided  they  are  made  gradually 
enough  to  avoid  setting  up  large  re¬ 
flections.  It  is  frequently  desired  to 
transmit  energy  from  one  piece  of 
equipment  to  another  where  for  me¬ 
chanical  reasons  the  path  cannot  be  a 
straight  line.  Furthermore,  in  appli¬ 
cations  such  as  connection  of  an  r-f 
head  to  a  scanner,  where  one  part 
must  move  with  respect  to  the  other, 
a  rigid  guide  will  not  accommodate 
itself  to  the  required  motion.  Some 
form  of  flexible  coupling  obviously 
has  to  be  employed  and  a  flexible 
wave  guide  frequently  can  be  used. 
For  some  installations,  as  with  air¬ 
craft  and  sea-borne  equipment,  a 
floating  mount  may  be  required  for 
certain  units  necessitating  the  use  of 
a  flexible  wave  guide. 

Types  of  Flexible  Wove  Guides 

In  an  attempt  to  produce  a  satis¬ 
factory  flexible  wave  guide  various 
groups  in  this  country  and  elsewhere 
have  experimented  with  a  number  of 
different  constructions.  Rectangular 


FIG.  2 — Interlocked  type  flexible  woto  guide  assemblies  with  and  without  synthetic 
rubber  Jacket.  These  mote  mechanically  and  electrically  with  H  by  1 in.  rigid  guide 


tubing  made  from  wire  screening 
and  a  round-bellows  type  of  guide 
having  choke  convolutions  and  a  rec¬ 
tangular  hole  between  convolutions 
were  both  tried  and  used  with  some 
success.  Radiation  Laboratory,  Mas¬ 
sachusetts  Institute  of  Technology, 
operating  with  the  National  Defense 
Research  Committee  through  a  con¬ 
tract  placed  with  the  Office  of  Sci¬ 
entific  Research  and  Development  and 
working  in  close  cooperation  with  in¬ 
dustrial  organizations  developed 
other  types  of  flexible  wave  guide 
three  of  which  were  produced  during 
the  War  by  the  American  Metal  Hose 
Branch  of  The  American  Brass  Com¬ 
pany. 

The  first  type,  used  in  large  quan¬ 
tity,  is  made  by  spirally  winding  a 
metal  strip  about  a  rectangular  ar¬ 
bor,  folding  in  and  interlocking  the 
edges.  It  is,  therefore,  often  referred 
to  as  the  interlocked  type.  The  sec¬ 
ond  type  is  the  so-called  vertebra 
wave  guide  which  consists  essentially 
of  a  stack  of  round  metallic  wafers 
with  rectangular  holes,  called  choke 
sections.  These  wafers  are  spaced 
slightly  and  held  in  place  by  an  in¬ 
ternally  ribbed  synthetic  rubber 


jacket.  The  third  type  is  referred  to 
as  the  seamless  type  because  it  is 
made  by  corrugating  a  thin-wall, 
seamless,  rectangular  metal  tube. 

At  least  one  other  type  of  flexible 
guide  has  been  made  and  used.  It 
consists  of  a  rectangular  convoluted 
metal  hose,  in  appearance  somewhat 
like  the  seamless  guide.  However, 
instead  of  being  formed  from  seam¬ 
less  metal  tube,  this  guide  is  made 
by  spirally  winding  a  thin,  formed 
metal  strip  about  a  rectangular  ar¬ 
bor,  soft  soldering  the  over-lapped 
edges.  The  present  article  will  be 
confined  to  describing  the  inter¬ 
locked,  vertebra  and  seamless  types 
of  flexible  wave  guide,  their  prop¬ 
erties  and  applications. 

Interlocked  Flexible  Guides 

The  interlocked  type  of  flexible 
wave  guide  sometimes  called  full 
four-wall  interlocked  has  been  most 
commonly  made  from  silver-lamin¬ 
ated  bronze  strip  but  has  also  been 
fabricated  from  other  metals  such  as 
bronze,  aluminum  and  tinned  stain¬ 
less  steel.  As  the  silver-laminated 
strip  is  wound  about  an  arbor  the 
edges  are  folded  under  and  inter¬ 


ne.  4 — Compononta  that  make  up  a  Tortobra-typo  floxiblo  wore  giddo  ossombly  for 

uso  in  the  3-centimeter  region 


FIG.  3 — Interlocked  type  of  rectangular 
flexible  wore  guide.  (A)  bent  in  E-plane; 
(B)  twisted  axially;  (C)  bent  in  H-plone 


locked  in  such  a  manner  as  to  provide 
a  multiple  contact  which,  when  the 
wall  is  sectioned,  appears  as  shown 
in  Fig.  1.  There  are  three  parallel 
silver-to-silver  contact  surfaces  join¬ 
ing  each  convolution  to  the  next.  The 
guide  flexes  by  virtue  of  a  sliding 
motion  which  takes  place  between 
convolutions  as  the  guide  is  bent, 
twisted  or  stretched. 

The  cross-section  of  the  guide  is  a 
rectangle  with  rounded  comers  but, 
due  to  the  convoluted  construction, 
the  inside  surfaces  obviously  are  not 
perfectly  plane.  Despite  this,  how¬ 
ever,  it  has  been  found  in  practice 
that  resultant  reflections  from  such 
a  guide  actually  are  very  small.  Al¬ 
though  there  are  numerous  small  re¬ 
flections  from  the  irregularities 
between  convolutions  it  should  be 
borne  in  mind  that  most  of  these 
are  cancelled  by  equal  reflections,  180 
degrees  out  of  phase,  from  other 
points  along  the  guide.  Because  of 
these  surface  irregularities  and  the 
rounded  comers  the  optimum  cross- 
sectional  dimensions  of  such  a  flex¬ 
ible  guide  may  differ  slightly  from 
those  of  the  corresponding  size  of 
rigid  guide  with  which  it  is  to  mate. 
However,  when  properly  dimen¬ 
sioned,  a  good  impedance  match  can 
be  obtained  between  the  flexible  and 
rigid  guide. 

This  type  of  guide  is  usually  made 
up  into  assemblies  consisting  of  a 
length  of  the  interlocked  metal  tub¬ 
ing  with  appropriate  plate,  contact, 
or  choke  flanges  hard  or  soft  sol¬ 
dered  to  the  ends.  Such  an  assembly, 
with  a  pressure-tight,  molded,  syn¬ 
thetic-rubber  jacket,  is  known  by 
the  trade  name  of  Moldlock  flexible 
wave  guide  and  is  available  in  stand¬ 
ard  lengths  from  6  inches  to  6  feet. 
Figure  2  shows  a  3-centimeter  Mold- 
lock  assembly  and  a  similar  assembly 
before  application  of  the  jacket.  The 
molded  jacket  protects  the  guide, 
makes  it  pressure-tight,  improves 
its  mechanical  properties  and  helps 
maintain  good  electrical  contact  be¬ 
tween  convolutions.  Interlocked  flex¬ 
ible  wave  guide  is  at  present  avail¬ 
able  in  sizes  suitable  for  operation  at 
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most  wavelengrths  from  about  25  to 
less  than  3  centimeters. 

The  interlocked  type  of  guide  can 
be  twisted  axially  or  bent  in  either 
or  both  of  two  planes,  as  in  Fig.  3, 
and  will  stretch  or  compress  slightly. 
It  is  well  adapted  to  withstand  re¬ 
peated  flexing  of  considerable  ampli¬ 
tude  provided  the  rate  of  flexure  is 
not  too  rapid.  Table  I  gives  repre¬ 
sentative  data  on  4-foot  assemblies 
of  several  sizes  of  Moldlock  guide 
with  standard  flanges.  The  silver- 
laminated  strip  used  in  its  con¬ 
struction  is  relatively  immune  to 
corrosion.  Assemblies  have  been  sub¬ 
jected,  both  inside  and  out,  to  20  per¬ 
cent  salt  spray  for  more  than  500 
hours  with  no  impairment  of  either 
mechanical  or  electrical  properties. 
A  molded  assembly  will  safely  with¬ 
stand  internal  pressurization  in  ex¬ 
cess  of  1  i  atmospheres.  It  is  rugged, 
the  3-centimeter  size,  for  example, 
being  able  to  withstand  without  sig¬ 
nificant  distortion  a  load  of  250 
pounds  applied  with  a  one-inch 
square  plunger  to  the  wider  surface. 

Attenuation  of  a  wave  passing 
through  interlocked  flexible  guide  is 
somewhat,  but  not  greatly,  higher 
than  the  attenuation  through  a  simi¬ 
lar  rigid  guide.  Nominal  values  of 
attenuation  for  molded  assemblies  of 
interlocked  flexible  wave  guide  made 
of  silver-laminated  strip  are  shown 
In  Table  I. 

Standing-wave  Ratios 

Of  interest  in  most  applications 
are  the  reflections  of  the  wave  which 
take  place  due  to  impedance  mis¬ 
matches  when  any  unit  is  inserted 
in  a  transmission  line.  The  magni¬ 


tude  of  the  resultant  of  such  reflec¬ 
tions  can  be  stated  in  terms  of  the 
ratio  (maximum  to  minimum)  of  the 
standing  waves  which  are  set  up  in 
the  line  as  a  result  of  insertion  of  the 
unit.  With  wave-guides  this  ratio, 
rather  than  values  of  characteristic 
impedances,  is  customarily  given  to 
indicate  the  impedance  match  ob¬ 
tained.  Thus,  the  vswr  (voltage 
standing  wave  ratio)  of  a  flexible 
wave  guide  assembly  is  an  important 
electrical  property.  Representative 
values  of  vswr  (measured  at  specific 
test  frequencies)  for  Moldlock  flex¬ 
ible  wave  guide  assemblies  are  in¬ 
cluded  in  Table  I.  In  general,  vswr 
depends  upon  cross-sectional  dimen¬ 
sions,  smoothness  of  the  interior, 
electrical  contact  between  convolu¬ 
tions  and  alignment  and  contact  be¬ 
tween  the  tubing  and  flanges  but  is 
relatively  independent  of  length  and 
metal  used. 

Vertebra  Flexible  Wave  Geide 

Construction  of  the  vertebra-type 
flexible  wave  guide  can  be  seen  from 
Fig.  4.  It  consists  of  a  specified  num¬ 
ber  of  aluminum  alloy  choke  sections 
held  in  alignment  and  properly 
spaced  by  means  of  a  suitable  ribbed 
synthetic  rubber  jacket.  The  choke 
sections  are  so  named  because  there 
is  a  choke  groove  in  one  face  which 
presents  a  high  impedance  at  the 
junction  between  it  and  the  flat  face 
of  the  adjacent  wafer  making  for 
low-loss  transmission  across  the 
space  between  wafers.  This  type  of 
construction  deviates  markedly  from 
the  popular  conception  of  a  wave 
guide  having  highly  conducting  walls 
free  of  electrical  discontinuities. 


FIG.  5 — Vert»bra-t7p«  flexible  ware  guide 
astembliei  which  mate  with  x  1  in. 
rigid  guide.  (B)  for  use  in  systems  at  atmos 
pheric  pressure,  and  (A)  with  addition  oi 
flexible  metal  hose  casing  for  use  in  pres 
surized  systems 


FIG.  6 — Vertebra  type  flexible  wove  guide 
assembly  coupling  two  displaced  sections 
of  rigid  guide 


There  obviously  is  no  d-c  continuity 
from  one  end  to  the  other  but,  due  to 
the  peculiar  function  of  the  choke 
sections,  good  r-f  continuity  is  pre¬ 
served.  True,  there  is  some  loss  of 
power  by  radiation  from  the  spaces 
between  wafers  but  this  is  small  and 
increases  the  attenuation  but 
slightly.  Flexibility  is  obtained  in 
this  type  of  guide  by  a  yielding  of 


Table  I — ^Representative  Mechanical  and  Electrical  Data  for  4-ft  Moldlock  Assemblies 


AN  tyne 
designation 

Equivalent 

rigid 

guide 

(inches, 

outside) 

Outside 

dimensions 

(inches) 

Apnrox 

weight 

of 

assembly 

(pounds) 

Max 

safe 

axial  twist 
(degrees) 

Min  safe  bending 
radius  (inches) 

Emplane  Il-plane 

Max  safe 
extension 
or 

compression 

(inches) 

Vpnroxi- 
mate 
operating 
range  (cm) 

Nominal 
attenua¬ 
tion  (db) 

Nominal 

vswr 

CG-16t/U  (W") 

Hxl 

2.6 

225 

15 

=fck 

2.1-3  7 

0  .30 

1.10 

CG-166/U  (48') 

HxlH 

MxlH 

3.3 

180 

9 

17 

dtH 

3  0-4  7 

0  29 

1.10 

4.4 

1.35 

10 

18 

3.7-5  7 

0.25 

1.10 

CG-168/U  (18') 

1  x2 

mx2A 

5.9 

70 

19 

32 

±  A 

5  0-7  6 

0  11 

1.10 

CG-170/U  (4«') 

1^x3 

1 A  X  3^ 

9.9 

10 

45 

65 

7.6-11.8 

0.06 

1.10 

Table  II — ^Representative  Data  3-CM  Vertebra  Flexible  Wave  Guide  Assemblies  Without  Armor 


Elquivalent 

Max 

Max  safe 

Max  safe 

rigid 

safe 

Max  safe  bend 

extension 

shear 

Nominal 

Number 

Overall 

guide 

Outside 

Approx 

axial 

(degrees) 

or 

(inches) 

alleniia- 

of 

length 

(inches. 

diameter 

weight 

twist  ' 

compression  - 

ti'»n 

Nominal 

chokes 

(inches) 

outside) 

(inches) 

(pounds) 

(degrees) 

Ei-plane  Il-plane 

(inches) 

El-plane  ll-plane 

(db) 

vswr 

5 

VA 

1.0 

23 

30  30 

0  16 

1.08 

9 

5M 

^X  1 

VA 

1.3 

45 

60  60 

1 

1  1 

0.20 

1.08 
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Table  III — Representative  Data  3*CM  Seamless  Flexible  Wove  Guide  Assemblies 


Overall 

Equivalent 

ri^id 

guide 

Outside 

Approx 

Min  bending 
radii 
(inches) 

Maximum 
extension  or 

Maximum 

Approximate 

operating 

Nominal 

attenua- 

ilensth 

(inches) 

(inches, 
outside  > 

dimensions 

(inches) 

weight 

(pounds) 

Emplane  ll-plane 

compression 

(inches) 

shear 

(inches) 

range 

(cm) 

tion 

(dh) 

Nominal 

vswr 

IK 

Kx  1 

K  X  1 A 

0.18 

1 

IK 

+  A  — A 

K 

2. 4-3. 7 

0.02 

1.08 

6K 

Kxl 

KxlA 

0.25 

1 

IK 

+K~K 

K 

2. 4-3. 7 

0.05 

1.08 

12K 

Kxi 

KxlA 

0.33 

1 

IK 

+  K-K 

IK 

2. 4-3. 7 

0.07 

1.08 

IK 

h  X  IK 

HxiK 

0  45 

1 

IK 

K 

3. 0-4. 7 

0.02 

1.08 

6K 

^xiK 

H  X  IK 

0..55 

1 

IK 

+K~K 

K 

3. 0-4. 7 

0.05 

1.08 

12K 

KxlK 

HxlK 

0.67 

1 

IK 

-{■K  —  K 

IK 

3. 0-4. 7 

0.07 

1.08 

the  rubber  jacket  accompanied  by 
small  changes  in  the  spacings  be¬ 
tween  individual  choke  sections. 

Armored  Vertebra  Guide 

To  complete  a  vertebra  assembly, 
suitable  plate  or  choke  flanges  are  in¬ 
corporated  in  the  end  sections  being 
held  in  place  by  clamping  rings.  Such 
an  assembly  is  shown  in  Fig.  5B.  Al¬ 
though  pressure-tight,  the  assembly 
as  pictured  will  not  withstand  much 
internal  pressure  without  ballooning 
of  the  jacket.  Consequently,  when 
a  vertebra  assembly  must  be  pressur¬ 
ized  the  jacket  is  surrounded  by  a 
flexible  metallic  hose  armor,  as 
shown  in  Fig.  5A.  Such  an  assembly 
with  armor  can  safely  be  pressurized 
to  li  atmospheres. 

.  The  vertebra  type  of  guide  can  be 
bent  appreciably  in  any  direction  in 
a  plane  normal  to  its  axis  without 
mechanical  damage  or  serious  im¬ 
pairment  to  its  electrical  properties. 
It  likewise  can  be  twisted,  sheared, 
stretched  or  compressed  consider¬ 
ably,  as  illustrated  in  Fig.  6.  Al¬ 
though  possessing  more  degrees  of 
flexibility  than  either  of  the  other 
two  types  of  guide  described  it  is 
heavier  and  considerably  more  bulky 
and  at  present  is  available  only  in 
short  lengths  (up  to  inches)  and 
for  operation  at  wavelengths  not 
greater  than  about  centimeters. 
Representative  mechanical  and  elec¬ 
trical  data  for  two  3-centimeter  ver¬ 
tebra-type  flexible  wave  guide  assem¬ 
blies  are  given  in  Table  II. 

Because  of  the  type  of  construction 
used  the  attenuation  per  unit  length 
of  vertebra  guides  is  somewhat 
higher  than  that  of  the  other  flexible 
guides  described.  However,  since 
this  kind  of  guide  is  ordinarily  used 
only  in  short  lengths  the  attenuation 
of  the  assembly  is  not  too  high  for 
most  applications.  The  table  lists 
the  nominal  electrical  propertie4  in 
the  relaxed  position.  Provided  |the 
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assembly  is  not  deflected  beyond  its 
nominal  working  range  the.'^e  proper¬ 
ties  do  not  vary  greatly  beyond  the 
value  shown.  The  vswr  is  at  least  as 
low  as  for  the  other  flexible  assem¬ 
blies. 

Seamless  Flexible  Wave  Geide 

The  seamless  type  of  flexible  wave 
guide  is  made  by  convoluting  a  thin- 
wall,  seamless,  rectangular  metal 
tube  in  a  manner  which  will  be  made 
clear  by  reference  to  Fig.  7.  The 
metal  used  for  making  this  kind  of 
guide  is  usually  copper  or  bronze.  It 
is  made  from  various  thicknesses  of 
metal  and  finished  either  hard  or  an¬ 
nealed  depending  upon  the  applica¬ 
tion  for  which  it  is  intended.  In  Fig. 
8  are  shown  two  seamless  flexible 
wave  guide  assemblies  with  soft  sol¬ 
dered  flanges.  These  have  been  silver 
plated  to  provide  a  highly  conducting 
layer  and  protect  them  against  cor¬ 
rosion.  Guide  of  this  construction 
flexes  accordion-fashion. 

The  seamless  guide  is  conspicuous 
for  its  ability  to  withstand  relatively 
sharp  bends  in  either  the  E  or  H 
planes.  Consequently,  it  is  capable 
of  taking  relatively  high  unit  shear. 
It  can  be  stretched  or  compressed 
appreciably  but  is  damaged  by  axial 
twisting.  However,  a  bent  assembly 
can  be  twisted  considerably.  Figure 


9  shows  a  complicated  elbow  made 
from  this  t>T)e  of  guide.  Data  for 
several  different  3-centimeter  seam¬ 
less  flexible  wave  guide  assemblies 
are  shown  in  Table  III.  As  cur¬ 
rently  made  the  seamless  guide, 
without  reinforcement,  can  be  pres¬ 
surized  to  H  atmospheres.  It  is  some¬ 
times  WTapped  with  a  synthetic  rub¬ 
ber  tape  for  mechanical  or  corrosion 
protection,  as  shown  in  Fig.  8B. 

This  type  of  guide  will  withstand 
a  large  number  of  cycles  of  vibration 
or  repeated  deflection  of  moderate 
amplitude.  It  is  ideally  suited  for 
fabrication  into  elbows,  bends  and 
the  like,  or  to  provide  for  static  mis¬ 
alignment  between  units.  Because 
of  its  light  weight  and  ease  of  flexi¬ 
bility  it  is  well  suited  for  coupling  to 
units  of  glass  or  other  brittle  or 
fragile  materials.  Up  to  the  present 
time  seamless  flexible  wave  guide  has 
been  found  particularly  useful  in 
lengths  not  exceeding  15  inches.  It  is 
not  currently  made  in  as  many  dif¬ 
ferent  cross-sectional  sizes  as  is  the 
interlocked  type  but  it  is  expected 
that  additional  sizes  will  be  made 
available  in  the  near  future. 

Flexible  Guide  Withaut  Jaints 

The  type  of  construction  employed 
in  the  seamless  flexible  wave  guide 
provides  a  complete  jointless  con- 


FIG.  7 — Cut-away  view  showing  construction  oi  seamless  type  rectangular  ilexible 

wove  guide 
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FIG.  8 — Bent  assemblies  of  seamless  flexible  wore  guide.  (A) 
silTer-plated  copper  guide,  (B)  with  tape-wropped  synthetic 
rubber  coTsr 


FIG.  9 — Complicated  elbow  made  of  silrer-ploted  seamless  flexi¬ 
ble  wore  guide,  bent  in  both  E-  and  H-plone 


principal  differences  between  types 
are  physical  or  mechanical. 

At  present  the  interlocked  tsrpe  is 
available  for  operation  at  the  largest 
number  of  different  frequencies 
whereas  the  vertebra  and  seamless 
types  are  made  only  in  a  limited 
number  of  cross-sectional  sizes.  For 
applications  requiring  flexible  assem¬ 
blies  longer  than  15  inches  the  inter¬ 
locked  type  is  currently  available; 
for  shorter  lengths  the  type  selected 
will  depend  upon  availability  and 
specific  requirements  of  the  applica¬ 


tion,  excepting  that  interlocked  guide 
is  not  ordinarily  made  in  assemblies 
less  than  6  inches  long.  Other  types 
are  available  in  lengths  as  short  as 
li  inches.  Sometimes  it  is  advantag¬ 
eously  used  in  conjunction  with  a 
length  of  rigid  guide  or  rigid  angle, 
as  shown  in  Fig.  10. 


ducting  path  from  one  end  of  the 
assembly  to  the  other.  When  silver 
plated,  the  attenuation  per  foot  is 
only  slightly  greater  than  that  of 
silver  rigid  guide  and  does  not  vary 
sensibly  with  flexing.  Nominal  elec¬ 
trical  data  for  assemblies  of  two 
sizes  of  seamless  flexible  guide  are 
included  in  Table  III. 

Although  the  inside  surfaces  of  a 
seamless  flexible  guide  are  far  from 
smooth  (the  convolutions  of  a  3- 
centimeter  guide  are  0.1  inch  deep) 
the  same  sort  of  reflection  cancella¬ 
tion  is  obtained  as  with  the  inter¬ 
locked  type  of  guide.  With  propek- 
cross-sectional  dimensions  the  over 
all  standing  wave  ratio  of  an  assem¬ 
bly  is  quite  low.  The  values  in 
Table  III  are  repr^entative  of  values 
ordinarily  encountered  in  production 
for  several  S-centimeter  assemblies. 


Vertebra  Guide  Needs  Shielding 

The  vertebra  type  of  guide  pro¬ 
vides  a  flexible  coupling  unit  for  use 
between  floating  and  rigidly  mounted 
units.  It  is  particularly  well  adapted 


Comparison  of  Different  Types 


Each  of  the  three  types  of  flexible 
guide  differs  in  certain  respects  from 
the  others,  and  should  be  considered 
as  supplementary  rather  than  com¬ 
petitive.  Although  they  vary 
somewhat  in  electrical  properties  the 


FIG.  10 — An  asMmbly  consisting  of  Interlocksd  flsxlbls  wars 
gulds  hard-soldsrsd  to  o  rigid  slbow 
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“  •  "  ture  not  found  in  a  similar  section 

fabricated  from  rigid  guide.  Such 
heavy-v/all  seamless,  however,  is  not 
^  J  withstand  continuous 

flexurfi  or  vibration.  For  applica- 
^  Mf'  tions  requiring  frequent  flexure  or 

M  continuous  vibration  thinner-wall 

J  seamless  assemblies,  in  fairly  long 

t  ^  lengths,  are  employed  to  obtain  maxi- 

^  6  ^  mum  life.  Short  lengths  of  thin¬ 
ly  K  ^  wall,  annealed  seamless  guide  are 

p  ??  connections  to  fragile  com- 

ponents  to  prevent  undue  stress 

which  might  result  from  slight  mis- 

®  alignment  or  from  expansion  or  con- 

traction  with  temperature  changes. 

.  When  made  to  the  proper  cross-sec¬ 
tional  dimensions  seamless  guide  has 
been  found  suitable  for  making 
flexible  step  transformers.  Such  a 
transformer,  designed  to  match 

J  X  1  inch  to  i  X  li  inch  rigid 
guides  (or  their  flexible  equivalents) 
=1^11  is  shown  in  Fig.  12.  For  certain 
applications  an  assembly  consisting 
of  part  rigid  and  part  flexible  guide 
has  been  used.  One  of  these  assem- 
HIIIIIHIIIIII^I  blies  made  with  the  seamless  type 
riG.  ll-An  as.embly  of  seoml...  and  shown  in  Fig.  13. 

vertebra-type  flexible  wave  guides 

to  withstanding  continuous  vibration 
or  flexure  and  transmits  but  a  rela¬ 
tively  small  force  from  one  end  to  the 
other.  Combinations  of  two  types  of 
flexible  wave  guide  are  occasionally 
used,  as  illustrated  in  Fig.  11. 

If  stray  leakage  of  r-f  from  a 
guide  must  be  kept  to  the  lowest  pos¬ 
sible  level  the  vertebra  type  should 
not  be  used  without  supplementary 
shielding.  The  flexible  armor  cur¬ 
rently  used  to  permit  pressurization 
is  not  an  effective  shield. 

Because  of  the  resonant  choke 
grooves  in  the  wafers  comprising  the 
vertebra  guide  this  type  is  useful 
over  a  narrower  range  of  frequency 
than  are  the  other  two  untuned 
varieties. 

Variety  of  Seamless  Guides 

Since  it  can  be  bent  to  very  small 
radii  in  either  or  both  the  E-  and  H- 
planes  the  seamless  type  of  flexible 
wave  guide  is  ideal  for  making  com¬ 
plicated  bent  sections  which  are  dif¬ 
ficult  or  expensive  to  make  from 
rigid  guide.  Seamless  guide  of  rela¬ 
tively  heavy  wall  can  be  bent  as  de¬ 
sired  and  will  retain  the  desired 
shape  at  the  same  time  providing 
enough  flexibility  to  allow  for  reason¬ 
able  dimensional  tolerances,  a  fea- 


and  other  delicate  components.  Com¬ 
plex  bent  or  twisted  elbows,  which 
possess  considerable  flexibility,  can 
be  formed  directly  from  such  guide. 
They  are  used  for  making  flexible 
step  transformers  and  as  flexible 
leads  for  a  variety  of  test  equip¬ 
ments.  That  the  number  of  possible 
applications  for  flexible  wave  guides 
is  great  is  evidenced  by  the  ingenuity 
of  tlfe  many  designers  who  have 
used  them  for  diverse  purposes. 

Each  of  the  three  types  of  flexible 
wave  guide  has  properties  peculiar 
to  its  construction.  The  type  most 
appropriate  for  a  given  application 
depends  upon  the  specific  require¬ 
ments  of  the  installation.  By  their 
use,  in  addition  to  or  in  physical 
combination  with  sections  of  rigid 
guide,  many  seemingly  impossible 
problems  have  been  quickly  and 
easily  solved. 
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Conclusion 

Because  of  their  versatility,  flex¬ 
ible  guides  find  use  in  a  wide  variety 
of  applications.  They  can  be  used 
for  nod  or  tilt  joint  couplings  to 
parabolic  antennas,  to  replace  rotat¬ 
ing  joints  of  scanners  where  a  com¬ 
plete  revolution  is  not  required,  and 
for  connections  to  all  sorts  of  shock- 
mounted  or  vibrating  pieces  of  equip¬ 
ment.  Sections  of  flexible  guide 
facilitate  connections  between  units 
which  are  not  perfectly  aligned  or 
provide  shock-reducing  expansion- 
contraction  couplings  to  magnetrons 


FIG.  13 — An  assembly  of  rigid  guide  and 
seamless  flexible  guide  joined  by  soft- 
soldering 


FIG.  12 — A  ileidble  step  transformer  made 
from  the  seamless  type  of  ware  guide 
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Many  types  of  mechanical  and 
electrical  computers  were  de¬ 
veloped  during  the  war.  One  form  in 
particular  was  brought  to  a  high 
state  of  perfection,  namely  the  elec¬ 
trical  network  type. 

In  general  the  independent  vari¬ 
ables  are  caused  to  turn  the  shafts  of 
potentiometers,  and  the  potentiom¬ 
eters,  together  with  fixed  resistors, 
are  connected  to  fixed  sources  of  po¬ 
tential.  The  circuit  is  so  connected 
that  at  some  point  in  the  network  a 
voltage  will  be  found  that  is  a  func¬ 
tion  of  the  dependent  variable  or 
answer. 

It  is  often  desirable  and  sometimes 
necessary  to  produce  the  answer  as 
a  shaft  deflection,  thus  a  position 
servomechanism  is  employed  to  pro¬ 
duce  a  shaft  deflection  and  a  voltage, 
the  latter  being  equal  to  the  com¬ 
puter  network  voltage.  The  shaft  de¬ 
flection  can  be  arranged  to  be  pro¬ 
portional  to  the  dependent  variable. 
In  this  sense  the  servomechanism  is 
part  of  the  computer,  and  since  it  is 
more  often  than  not  predominantly 
electronic,  computers  of  this  type 
have  become  known  as  electronic 
computers. 

A  typical  example  is  found  in  the 
following  paragraphs. 

GMR-firiiig  Probl*m 

A  gun  ballistic  computer  is  one 
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COMPUTERS 

A  potentiometer  rotation  that  is  proportional  to  an  inde¬ 
pendent  variable  is  the  basis  of  liglit weight  computers. 
Several  potentiometers  can  he  used  with  servomechanisms 
to  produce  the  dependent  variable,  or  answer,  as  a  shaft 
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FIG.  1 — Simplified  functional  diagram  of  a  typical  gim-eight  computer 


that  continually  computes  the  lateral 
and  vertical  ballistic  corrections  as 
two  voltages.  The  voltages  are  trans¬ 
lated  into  the  respective  correction 
angles  by  small  position  servos.  The 
inputs  to  the  computer  are  fed  in 
continuously.  In  a  typical  case  they 
are  gun  position,  azimuth  and  ele¬ 
vation,  target  range,  aircraft  true 
air  speed,  relative  air  density,  the 
muzzle  velocity  of  the  type  of  am¬ 
munition  used,  and  a  factor  called 
the  ammunition  constant. 


The  lateral  and  vertical  ballistic 
corrections  are  related  to  the  input 
variables  by  the  following  four  equa¬ 


tions  : 

W  *=  A  -{•  B  cos  C  sin  D  (1) 

(1  -f-  ZEF  VTrW  -I-  Z*EFB  Videos  C 
sin  D  -H  l/2^;Z*  cos  D-AZ  =  0  (2) 

(1  -I-  ZEF  VTTT//  Y-Z^EFB  <  iTlos  C 
cos  D  4-  1  /2GZ*  sin  D  =»  0  (3) 

(1  4-  ZEF  ylW)H  X-Z*EFB  V.F" 
sin  C  »  0  (4) 


where:  A  =  projectile  muzzle  velocity 
B  »  aircraft  true  air  speed 


MO 


August  1946  —  ELECTRONICS 


FIG.  2 — Fundamental  circuit  (A)  used  for  addition  or  subtraction,  and  (B)  a  simple 
modification  for  computing  half  sums 


FIG.  3 — Simplified  circuit  demonstrating  the  use  of  a  servomechanism  as  an  indicator 

for  an  adding  computer 


C  =»  Run  azimuth 

D  =  gun  zenith 

E  =>  aiiiinunitiun  constant  (for  the 
particular  type  used) 

F  =  relative  air  density 

O  =  gravitational  acceleration 

H  =  target  range 

X  =  lateral  ballistic  sight  line  cor¬ 
rection 

Y  =  vertical  ballistic  sight  line  cor- 
re<'tiun 

Z  =  computed  time  of  flight  of  pro¬ 
jectile  to  target 

W  =  computed  projectile  initial  true 
air  speed 

The  difficult  problem  is  to  embody 
or  mechanize  these  expressions  into  a 
device  or  computer  which  can  use  the 
input  information  as  shaft  rotations 
and  turn  out  two  quantities,  the  mag¬ 
nitudes  of  which  will  be  proportional 
to  the  lateral  and  vertical  ballistic 
corrections. 

There  are  several  ways  to  mechan¬ 
ize  such  expressions — mechanically, 
electrically,  or  combinations  thereof. 
A  method  of  mechanization  which  is 
consistent  with  the  requirements  of 
lightness,  compactness  and  accuracy 
for  airborne  equipment  is  indicated 
in  Fig.  1.  Here  seven  input  vari¬ 
ables,  indicated  above  enter  the  com¬ 


puter  as  rotations  of  seven  different 
shafts,  the  angular  deflections  of 
which  are  proportional  to  the  mag¬ 
nitudes  of  the  variables. 

A  number  of  variable  resistors  are 
mounted  on  each  of  the  shafts.  These 
resistors  in  conjunction  with  a  num¬ 
ber  of  fixed  resistors  are  connected  to 
form  a  resistive  network  that  is  ex¬ 
cited  by  seven  sources  of  a-c  voltage. 
The  quantities.  Z  and  W  are  com¬ 
puted  as  necessary  adjuncts  to  the 
final  computation  of  the  lateral  and 
vertical  ballistic  corrections.  To  per¬ 
form  the  computation,  it  is  necessary 
to  turn  these  two  quantities,  as  well 
as  the  lateral  and  vertical  correc¬ 
tions,  into  shaft  rotations.  Position 
servos  fulfill  this  last  requirement, 
and  in  the  case  of  the  lateral  and 
vertical  corrections  the  servos  may 
also  be  used  physically  to  orient  the 
sight  line  from  the  gun  bores. 

To  develop  a  satisfactory  under¬ 
standing  of  this  general  type  of  com¬ 
putation,  it  is  well  to  consider  some 
of  its  simpler  aspects.  To  compute  or 
solve  an  analytical  expression  auto¬ 


matically,  it  is  necessary  to  trans¬ 
form  each  of  the  variables  involved 
into  some  common  form  such  as  shaft 
rotations,  so  that  the  magnitude  of 
the  variables  is  represented  by  the 
amount  of  rotation  of  the  shaft. 
Mathematical  manipulations  of  the 
variables  (such  as  addition  and  mul¬ 
tiplication)  are  accomplished  by  fur¬ 
ther  translation  through  devices 
chosen  to  perform  the  desired  manip¬ 
ulation. 

Addition  and  Subtraction 

To  add  A  and  B,  when  each  is  an 
independent  variable  such  as  aircraft 
true  air  speed  and  projectile  muzzle 
velocity,  each  variable  is  converted 
into  a  shaft  rotation.  The  amount  of 
rotation  of  shaft  A  is  proportional 
to  air  speed,  and  the  angular  position 
of  shaft  B  is  proportional  to  muzzle 
velocity.  A  variable  resistor  or  po¬ 
tentiometer  is  mounted  on  each  shaft, 
excited  by  a  separate  source  of  con¬ 
stant  voltage.  If  the  potentiometers 
contain  linear  resistance  tapers,  then 
the  output  voltage  between  the  mov¬ 
able  contact  and  one  end  is  propor¬ 
tional  to  the  variable  involved. 

The  output  voltages  are  connected 
in  series  when  the  total  voltage  is  the 
sum  of  the  two,  or  is  proportional  to 
A  -f  B.  By  reversing  the  polarity  or 
phase  of  one  of  the  constant  exciting 


ELECTRONICS  — August.  1946 


III 


variable,  and  therefore  is  propor¬ 
tional  to  the  product  of  the  two  vari¬ 
ables.  The  circuit  arrangement  is 
shown  in  Fig.  4.  The  constant  of  pro¬ 
portionality  is  controlled  by  the  mag¬ 
nitude  of  the  constant  exciting  volt¬ 
age. 

The  resistance  of  the  B  potentiom¬ 
eter  p'resents  a  load  on  the  output  of 
the  A  potentiometer,  which  detri¬ 
mentally  alters  the  magnitude  of  Ea> 
To  avoid  this  effect  the  resistance 
of  B  can  be  made  very  large  com¬ 
pared  to  that  of  A,  so  that  the  altera¬ 
tion  of  Ea  is  negligibly  small.  An  al¬ 
ternative  is  to  taper  the  resistance 
versus  shaft  rotation  characteristic 
of  the  A  potentiometer.  The  degree 
of  taper  can  be  designed  to  allow  Ea 
to  be  proportional  to  A  for  the  load 
presented  by  the  B  potentiometer. 

To  multiply  three  variables,  three 
potentiometers  can  be  connected  in 
cascade.  To  diminish  the  effects  of 
loading,  the  resistance  of  successive 
potentiometers  can  be  increased.  In 
practice  this  has  the  disadvantage  of 
causing  the  latter  portion  of  the  cir¬ 
cuit,  which  is  at  a  high  impedance 


level,  to  be  subject  to  noise  pick-up. 
The  threshold  of  the  servo  must  be 
raised  to  avoid  the  noise,  resulting  in 
decreased  sensitivity.  The  process  of 
tapering  the  potentiometers  to  avoid 
the  effects  of  loading  is  not  always 
satisfactory  since  a  constant  load  is 
no  longer  presented  to  the  first  poten¬ 
tiometer.  Where  accuracy  is  not  of 
prime  importance,  the  method  out¬ 
lined  above  may  suffice;  but  where 
extreme  accuracy  is  required  a  com¬ 
pletely  different  circuit  arrangement 
is  needed. 

Figure  5  indicates  a  method  of  at¬ 
tenuating  current  with  bridged-T 
attenuators  which,  independent  of 
setting,  present  a  constant  imped¬ 
ance  looking  either  way.*’  *  The  cur¬ 
rent  flowing  out  of  attenuator  A  is 
proportional  to  A  if  the  two  variable 
resistors  comprising  the  A  attenu¬ 
ator  are  properly  designed.  The  cur¬ 
rent  flowing  from  the  B  attenuator  is 
proportional  to  B  and  A,  therefore  to 
A  times  B.  The  current  flowing  from 
the  C  attenuator  is  proportional  to 
ABC  and  develops  a  voltage  across 
the  terminating  resistance  propor- 


FIG.  4 — A  multiplying  circuit  in  its  simplest 
form 


voltages,  subtraction  can  be  per¬ 
formed.  This  mechanization  is  sche¬ 
matically  represented  in  Fig.  2.  An 
alternate  means  of  adding  the  output 
voltages  is  also  included  in  the  figure. 

It  may  be  desirable  to  convert  the 
total  output  voltage  back  into  an¬ 
other  shaft  rotation  such  that  the 
angular  position  of  the  shaft  will  be 
proportional  to  A  ±  B,  as  depicted 
in  Fig.  3.  The  servo  runs  until  E,  is 
essentially  zero  or  the  bucking  volt¬ 
age  is  equal  to  the  total  output  volt¬ 
age  of  the  summing  circuit.  The  de¬ 
flection  of  the  servo  shaft  positioning 
the  bucking  voltage  potentiometer 
is  proportional  to  A  B.  The  buck¬ 
ing  potentiometer  is  center-tapped. 
With  this  provision  the  bucking  volt¬ 
age  reverses  polarity  as  the  movable 
arm  passes  through  center.  This  pro¬ 
vision  allows  the  servo  to  accommo¬ 
date  polarity  reversals  of  the  sum¬ 
ming  circuit. 

The  proportionalities  referred  to 
are  controlled  by  the  magnitudes  of 
the  fixed  potentiometer  exciting  volt¬ 
ages.  Care  is  exercised  in  choosing 
these  voltages  to  obtain  the  required 
accuracies  consistent  with  the  servo 
sensitivity  and  a-c  circuit  problems. 
It  is  interesting  to  note  that  the  ac¬ 
curacy  of  the  system  is  unaffected 
by  line  voltage  variations  since  all 
the  so-called  constant  exciting  volt¬ 
ages  vary  together. 

Maltlplicatioa 

To  multiply  A  by  B,  if  each  is  an 
independent  variable,  each  variable 
is  translated  into  a  shaft  rotation 
with  a  potentiometer  mounted  on 
each  shaft.  One  potentiometer  is  ex¬ 
cited  by  a  source  of  constant  voltage. 
The  output  of  this  potentiometer  is 
proportional  to  the  variable  involved, 
provided,  of  course,  there  is  a  linear 
relation  between  resistance  and  shaft 
rotation.  The  second  potentiometer 
is  excited  by  the  output  of  the  first 
potentiometer.  The  output  of  the  sec¬ 
ond  potentiometer  is  proportional  to 
the  magnitude  of  the  second  variable 
as  well  as  the  magnitude  of  the  first 


FIG.  5 — Multiplying  circuit  necessary  when  more  than  three  quantities  are  involved 


FIG.  6 — Fundomentol  drcuit  for  multiplying  trigonometric  functions 
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tional  to  ABC.  The  results  of  a  sec¬ 
ond  such  circuit  can  be  added  to  the 
output  of  this  circuit  by  a  resistance- 
matching  network  wherein  the  ter¬ 
minating  resistances  are  eliminated. 
The  two  input  resistors  are  used  to 
match  the  resistance  of  the  first  at¬ 
tenuator  to  the  transformer  and  to 
trim  the  input  voltage  to  any  desired 
amount. 

Squaring  a  Vorlable 

If  a  given  independent  variable  is 
to  be  squared  it  may  be  introduced  to 
the  variable  arms  of  two  potentiom¬ 
eters  connected  in  cascade.  The  out¬ 
put  will  be  proportional  to  the  prod¬ 
uct,  for  example,  A  times  A.  A  sim¬ 
pler  way  is  to  arrange  the  resistance 
versus  shaft  rotation  characteristic 
of  a  potentiometer  to  apportion  out  a 
voltage  proportional  to  the  square  of 
the  shaft  rotation.  In  other  words, 
the  potentiometer  has  a  square  taper. 
Any  power  or  root  can  be  mechanized 
by  this  method.  If  the  required  taper 
is  mechanically  too  steep  to  be  prac¬ 
tical,  the  variable  can  be  divided 
among  two  or  more  elements  as  ex¬ 
plained  above. 


FIG.  8 — Industrial  control  problem  solved  by  a  simple  computer  that  directly  regulates 

flow  through  a  valve 


resistor  could  be  used  to  multiply  the  of  each  feeding  the  unknown  of  the 
whole  relation  A  sin  B  +  A*  arctan  C  other.  The  system  then  comes  into 
by  some  function  of  another  variable,  balance  only  when  each  mechaniza¬ 
tion  or  equation  is  satisfied.  This 
process  can  be  followed  through  by 
reference  to  Fig.  7. 

A  tremendous  amount  of  latitude  is 
available  in  this  method  of  mechaniz¬ 
ing.  The  only  special  requirement  is 
the  production  of  the  odd  tapers  of 
the  potentiometers  and  of  the  vari¬ 
able  resistors  in  the  attenuators. 
This  problem  has  been  solved  by  the 
construction  of  special  wire  resis¬ 
tance-winding  machines.  These  ma¬ 
chines  wind  resistance  rather  than 
just  wire  in  the  sense  that  the  feeder 
which  lays  out  the  lead  of  the  wind¬ 
ings  is  servo  controlled.  This  servo 
is  continually  balancing  the  resis¬ 
tance  of  the  wire  already  wound 
against  the  resistance  of  a  master. 


Divifion 

Division  by  a  variable  is  accom¬ 
plished  by  multiplying  by  its  recip¬ 
rocal.  In  the  example  above  the  total 
expression  to  the  right  of  the  equals 
sign  (Fig.  6)  can  be  divided  by  D 
by  replacing  the  terminal  resistor 
with  an  attenuator  having  a  1/D 
taper.  If  X  were  desired  as  a  shaft 
rotation  a  servo  could  be  utilized  as 
mentioned  earlier. 

When  using  a  servo,  another 
method  can  be  employed  wherein  di¬ 
vision  by  D  is  effectively  accom¬ 
plished.  To  divide  the  right  hand 
side  of  the  expression  multiply  the 
left  side  of  the  equation  by  D  or 
XD  =  A  sin  B  -I-  A*  arctan  C.  The 
bucking  attenuator  apportioning  out 
X  is  followed  by  another  attenuator 
having  a  linear  taper  controlled  by 
Z>.  The  output  voltage  from  this  cir¬ 
cuit  is  then  bucked  against  Eo.  The 
unbalance  voltage  controls  the  servo 
which  positions  the  X  attenuator. 
The  servo  runs  until  the  unbalance 
voltage  is  zero,  or  until  X  has  the 
proper  value  to  balance  the  equation. 
This  is  essentially  an  implicit  so¬ 
lution. 


Trigonometric  Manipulation 

If  a  trigonometric  manipulation  is 
to  be  performed  upon  a  variable  the 
taper  of  the  potentiometer  or  attenu¬ 
ator  can  be  designed  to  apportion  out 
a  voltage  or  current  proportional  to 
the  sine,  cosine,  or  tangent  of  the 
shaft  rotation  representing  the  var¬ 
iable. 

A  sample  mechanization  appears  in 
Fig.  6.  Attenuator  A  in  the  top  cir¬ 
cuit  has  a  linear  taper  whereas  the 
lower  A  attenuator  has  a  square 
taper.  The  B  attenuator  has  a  sine 
taper  and  the  C  attenuator  has  an 
arctangent  taper.  The  adding  net¬ 
work  is  a  symmetrical  T.  Another  at¬ 
tenuator  in  place  of  the  terminating 


Typical  ladastrial  Use 

As  a  final  example,  consider  an  in¬ 
dustrial  problem  in  which  a  valve  is 
to  be  positionally  adjusted  to  meet 
the  demands  of  three  variables  that 
are  related  by  the  analytical  expres¬ 
sion 

s  =  T'f{P)IV 

when  S  =  desired  valve  setting 
T  =3  temperature  of  a  vat 
V  =  rate  of  flow  of  a  constituent 
/(P)  =  function  of  the  pressure  of  a 
constituent 

(The  latter  is  an  empirical  rela¬ 
tion  which  through  experience  has 
been  determined  and  can  be  plotted 
graphically.) 

The  problem  is  solved  by  obtaining 
four  potentiometers  designated  S, 
r,  V,  P  in  Fig.  8.  S  and  V  have  lin¬ 
ear  tapers,  T  has  a  square  taper, 
while  P  has  a  taper  corresponding  to 
the  empirical  plot  of  /(P)  versus  P. 


Simulfaneous  Equations 

If  it  is  desired  to  solve  two  equa¬ 
tions  simultaneously  in  which  each 
equation  contains  the  same  two  un¬ 
knowns,  the  first  equation  is  mechan¬ 
ized  for  the  solution  of  one  of  the  un¬ 
knowns  (X)  treating  the  other  un¬ 
known  (Y)  as  a  known  variable.  The 
second  equation  is  independently 
mechanized  for  the  solution  of  the 
latter  unknown  (Y)  treating  the 
former  unknown  (X)  as  a  known 
variable.  The  two  mechanizations 
are  then  interconnected,  the  output 


Refekencss 

attenuator  Design,  ELECTBONIC8, 
H. 

[Resigning  Resistive  Attenuator  Net- 
Proe.  IRE,  March  1935. 


FIG.  7 — Circuit  of  simultaneous  equation 
solver 
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MAGNETIC  TESTING 


OF  METALS 


Correlation  between  magnetic  properties,  paiticularly  remanent  magnetism  wliieli  preilomi 
nates  at  tlie  low  test  frequency  that  is  used,  and  metallurgical  properties  makes  possible  the 
determination  of  composition  and  condition  of  ferromagnetic  materials  by  magnetic  testing. 
Operation,  methods  of  indication,  and  a^i plication  of  test  equipment  are  described 
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INSPECTION  OF  METALS  by  magnetic 
analysis  has  come  into  fairly  wide¬ 
spread  use.  Basically,  all  the  instru¬ 
ments  used  depend  on  some  correla¬ 
tion  between  the  magnetic  and 
physical  properties  of  ferromagnetic 
material.  Seldom  is  there  a  direct 
correlation  between  a  given  set  of 
magnetic  properties  and  a  desired 
set  of  physical  properties.  The  prob¬ 
lem  of  devising  a  practical  test  con¬ 
sists  of  finding  some  easily  and 
quickly  measured  set  of  magnetic 
properties  which  does  give  practical 
correlation  with  physical  properties, 
such  as  hardness  or  strength. 


Types  of  Instraments 
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TEST 

sample 


R^. GENERATOR  RESISTANCE 

R, -EFFECTIVE  PRIMARY  RESISTANCE 

N, -PRIMARY  TURNS 

N2-SECONOARY  TURNS 

e,- PRIMARY  VOLTAGE 

62- OUTPUT  VOLTAGE 

eg-  GENERATOR  VOLTAGE 

(-INSTANTANEOUS  EXCITING  CURRENT 

X  .-instantaneous  PRIMARY  FLUX  LINKAGE 


The  most  commonly  used  type  of 
apparatus  for  performing  such  an 
inspection  utilizes  what  could  be 
called  the  .transformer  principle.  An 
energizing  coil  is  used  to  establish 
an  alternating  magnetic  field  in  the 
metal  sample,  which  is  made  the  core 
of  this  coil.  The  voltage  induced  in 
a  secondary  coil,  placed  around  the 
sample,  is  then  examined. 

This  principle  may  be  used  in  in¬ 
specting  metals  on  a  comparison 
basis.  If  it  can  be  determined  that  a 
certain  sample  represents  the  com¬ 
bination  of  physical  properties  de¬ 
sired,  this  sample  can  be  compared 
to  all  unknown  samples,  and  those 
samples  which  are  like  the  standard 
in  magnetic  properties — and  there¬ 
fore,  in  certain  physical  properties — 


FIG.  1 — Fundamental  test  circuit  and  def¬ 
initions  of  symbols 
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can  be  selected.  Because  only  the  dif¬ 
ferences  obtained  in  such  a  scheme 
are  of  interest,  the  most  obvious 
means  of  applying  this  principle  to 
the  inspection  of  metals  is  to  design 
the  test  transformer  to  provide  one 
array  of  coils  around  a  standard 
sample  and  another  array  around  the 
unknown  sample.  The  induced  volt¬ 
ages  in  the  secondary  coils  are  op¬ 
posed  so  that  only  the  difference  in 
magnetic  properties  of  the  two 
samples  appears.  If  no  difference  is 
obtained  between  the  secondary  out¬ 
put  voltages,  the  samples  are  usually 
the  same  in  metallurgical  properties. 


It  is  possible  to  obtain  two  widely 
different  samples,  where  a  difference 
in  permeability  may  be  counterbal 
anced  by  a  wide  difference  in  hys 
teresis.  These  samples  may  show  no 
difference  in  the  amplitude  of  the 
secondary  voltage,  although  they  dif 
fer  widely  in  magnetic  and  physical 
properties.  This  compensation  has 
always  been  a  limiting  feature  of 
this  t3T)e  of  equipment,  but  if  it  is 
thoroughly  understood,  the  useful 
field  of  application  of  this  type  of 
inspection  can  be  extensive  in  the 
average  steel  plant. 

There  are  various  instruments  in 
existence  using  different  methods 
of  examining  the  output  voltage 
from  a  system  of  bucking  coils  such 
as  described  above.  Most  of  the  in 
struments  utilize  a  meter  to  show  the 
amplitude  of  the  voltage  difference. 
The  operator  is  looking  for  a  zero 


RESISTIVE  EMF 
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ALL  ARE  FUNCTIONS  OF  TIME  SHOWN  AT  t-0 


FIG.  2 — Vector  contributions  of  harmonics 
to  total  Indicotion 
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voltage  difference,  indicating  that 
his  unknown  sample  is  the  same  as 
his  carefully  chosen  standard.  The 
General  Electric  Magnetic  Compara¬ 
tor  and  the  comparator  made  by  the 
Magnetic  Analysis  Corporation  use 
this  form  of  indication*. 

Besides  influencing  the  amplitude 
of  the  secondary  voltage  in  the  test 
coils,  the  magnetic  characteristics  of 
a  sample  change  the  harmonic  con¬ 
tent  of  the  exciting  wave.  The  amp¬ 
litude  of  each  harmonic  may  be  meas¬ 
ured  and  its  phase  relation  to  the 
fundamental  frequency  found  by 
means  of  suitable  circuits  using 
meter  indication.  This  method  is 
followed  in  the  Waugh  Laboratories 
Magnetic  Tester. 

Alternatively,  the  output  of  the 
bucking  coils  may  be  examined  on  an 
oscilloscope.  The  harmonic  content 
can  be  seen  on  the  cathode-ray  tube 
screen,  as  well  as  the  amplitude  of 
the  harmonics.  Several  instruments 
are  in  use  in  which  the  output  of  the 
special  set  of  coils  is  examined  on  a 
cathode-ray  tube  screen.  If  there  is 
no  difference  between  samples,  a 
straight  line  is  obtained  on  the 
screen.  The  magnetic  comparator 
used  by  the  Republic  Steel  Corpora¬ 
tion  and  the  Magnescope,  which  has 
been  used  for  some  years  in  the 
Canadian  steel  industry,  both  take 
this  form*. 

The  most  commonly  used  fre¬ 
quency  for  the  exciting  coil  is  60  cps, 
obtained  from  the  power  line.  If  tests 


are  carried  out  at  higher  frequencies 
of  500  to  3,000  cps,  somewhat  differ¬ 
ent  results  may  be  obtained,  because 
the  effect  of  eddy  current  losses  in¬ 
creases,  and  the  relative  effect  of 
magnetic  hysteresis  losses  is  less  im¬ 
portant.  A  comparator  operating  at 
3,000  cps  and  taking  advantage  of 
the  above  fact  has  been  developed 
by  the  Magnetic  Analysis  Corpora¬ 
tion*. 

If  tests  are  carried  out  at  a  very 
low  frequency,  less  than  25  cps,  the 
reversals  of  the  magnetic  field  are 
slow  enough  so  that  an  appreciable 
effect  is  obtained  from  remanent 
magnetism.  Results  of  comparisons 
carried  out  on  the  same  samples  at 
different  frequency  ranges  are  not 
the  same,  because  the  changes  in 
remanent  magnetism,  permeability, 
hysteresis,  and  eddy  current  losses 
are  not  the  same  for  a  given  change 
in  physical  properties. 

An  instrument  called  the  Ferro- 
graph,  taking  advantage  of  the  low- 
frequency  range,  has  been  developed 
by  the  Allen  B.  Du  Mont  Laborator¬ 
ies,  Inc.  The  instrument  uses  an 
energizing  field  of  a  frequency  below 
25  cps  and  examines  the  harmonic 
voltage  components  generated  by  the 
test  transformer  in  which  the  core  is 
the  sample  to  be  tested. 

Principle  of  Operation 

A  brief  discussion  of  some  of  the 
principles  involved  will  aid  in  an 
understanding  of  the  practical  oper- 


Electronic  instrument  prorides  nondestnic- 
Uto  testing  for  metalliugical  properties  of 
ferromagnetic  materials 


ation  of  the  instrument.  Assuming 
a  test  circuit  as  indicated  in  Fig.  1 

Cg  =  (Rg  -f  ^l)  i  H - ^ 

With  no  appreciable  secondary  load, 
the  counter  emf  induced  in  the  pri¬ 
mary  is 


e,  =  AT, 


cUp 

~dt 


where  is  the  total  flux,  then 


eg^iRg-{-Ri)i+ 

Assuming  further  that  most  of  the 
flux  is  confined  to  the  core,  and  the 
core  flux  links  all  Ng  turns  of  the 
secondary,  that  is,  X,  equals  0 


The  flux  density  in  the  core  is 
proportional  to  the  core  flux,  but  the 
magnetizing  force  is  only  approxi¬ 
mately  proportional  in  amplitude  to 
the  exciting  current.  At  best,  then, 
the  flux-current  loop  is  a  rough  ap¬ 
proximation  of  the  hysteresis  loop  of 
the  core  material  at  the  correspond¬ 
ing  maximum  flux  density. 

In  the  Ferrograph,  a  sinusoidal 
exciting  current  is  utilized,  as  defined 
by  i  =  /  sin  wt.  The  secondary  in¬ 
duced  emf  as  previously  given  is 


or  converting  from  total  flux  to  flux 
density 


The  secondary  emf  induced  by  the 
alternating  flux  may  be  expressed 
generally  as  a  Fourier  series 

pj  =  Vi  sin  (&jf  -|-  ai)  -j-  Vg  sin  (2  cof  a*) 
-|-  i  I  sin  (3  -I"  <*3)  "h 

y4  sin  (4  ut  04)  -}- 
....  sin  (  N (lit  ajv) 

where  Vjr  is  the  maximum  value  of 
each  harmonic  component  in  emf 
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units,  and  a#  is  the  phase  angle  of 
the  harmonic  with  respect  to  an  ar¬ 
bitrary  zero  phase  angle  of  the  ex¬ 
citing  current,  and  <o  is  2nf, 

From  extensive  investigations  it 
has  been  proven  that  for  most  pur¬ 
poses  only  a  limited  number  of  these 
terms  need  be  considered,  and  that 
for  symmetrical  magnetization  (no 
magnetized  materials  or  superposed 
static  magnetic  fields)  only  the  odd 
harmonic  terms  are  present*.  As 
these  conditions  exist  in  the  Ferro- 
graph,  the  induced  emf  in  the  sec¬ 
ondary  can  be  expressed  as 

Cj  =  sin  {(at  -}-  cti)  +  Vt  sin  (3  orf  -j-  a*) 
Vi  sin  (5  <at  +  ers)  4- 

V^  sin  (7  <at  +  a?)  +. 

....  FjAr-i  sin  [(2  AT — 1)  <at  +  q!jjv_i] 

Except  for  high  values  of  exciting 
current  far  beyond  the  fiux  satura¬ 
tion  value,  the  relative  amplitudes 
of  the  harmonic  components  com¬ 
pared  to  the  fundamental  amplitude 
component  are  negligible  beyond  the 
seventh  harmonic.  If  the  harmonic 
voltages,  as  given  by  the  Fourier  ex¬ 
pansion,  are  added  as  vector  quan¬ 
tities  in  polar  coordinate  form  for 
ease  in  plotting,  interesting  results 
may  be  obtained*.  A  sample  plot  is 
shown  in  Fig.  2. 

The  first  term  of  the  Fourier 
series,  FiZai,  (Fig.  2)  is  significant 
because  it  contains  most  of  the 
equivalent  resistive  component,  or 
energy  loss  term,  in  phase  with  the 
constant  magnetizing  current.  The 
first  and  all  other  terms  contribute 
to  the  reactance  component.  It  fol¬ 
lows  that  the  expression  Vicosai  can 
be  correlated  with  the  hysteresis  loss 
which  in  turn  may  be  correlated  with 
physical  or  metallurgical  properties 
of  the  core  material.  The  amplitudes 
and  phase  angles  of  the  various  har¬ 
monic  components  also  may  be  cor¬ 
related  with  the  properties  of  the 
core  material. 

In  general,  the  resistive  com¬ 
ponent  Ficosai  depends  on  the  hys¬ 
teresis  coefficient,  and  the  reactive 
components  FiSinoi,  VsSinaa,  FsSinas, 
.  .  .  depend  on  the  coefficients  of  the 
normal  magnetization  curve*.  The 
relation  of  resistive  to  reactive  com¬ 
ponents  of  the  induced  secondary 
voltage  may  prove  to  be  the  desired 
solution  to  the  interpretation  of  some 
problems  of  correlation  of  magnetic 
to  physical  properties. 

At  low  values  of  flux  density,  it  is 
interesting  to  note  that  the  produc¬ 


tion  of  harmonic  components  is  due 
primarily  to  hysteresis  and  not  per¬ 
meability  change*. 

Correlation  of  Motallarglcol  and 
Electrical  Properties 

From  preceding  statements,  it 
follows  that  any  physical  or  metal¬ 
lurgical  factor  influencing  hysteresis 
loss  will  vary  the  quantity  Vicosai, 
as  well  as  the  amplitudes  and  phase 
angles  of  the  various  harmonic  com¬ 
ponents.  Any  factor  influencing  any 
of  the  other  common  magnetic  prop¬ 
erties  (magnetic  saturation,  residual 
magnetism,  coercive  force,  and  per¬ 
meability)  will  similarly  influence 
the  amplitudes  and  phase  angles  of 
the  various  harmonic  components. 
Ideally,  then,  if  a  sensitive  means 
of  complete  harmonic  analysis  is 
available,  a  correlation  of  harmonic 
content  with  any  variation  in  mag¬ 
netic  properties  and  hence  with  some 
physical  or  metallurgical  properties 
is  possible. 

Only  the  fundamental  and  third 
harmonic  amplitudes  and  phases  will 
be  discussed,  because  all  common 
magnetic  variables  can  be  correlated 
with  these  components  and  the  util¬ 
ization  of  higher  harmonic  com¬ 
ponents  is  impractical  for  gener¬ 
alized  industrial  applications. 


If  variation  of  magnetic  proper¬ 
ties  with  carbon  content  alone  is  con¬ 
sidered,  it  is  to  be  expected  that  with 
the  addition  of  carbon  up  to  the 
eutectic  point,  the  amplitude  of  the 
third  harmonic  Fs  will  increase,  as 
will  the  resistive  component  Vicosi, 
because  hysteresis  loss  is  increased 
and  saturation  point  lowered. 

The  major  effect  of  adding  alloy¬ 
ing  elements  (manganese,  chromium, 
nickel,  vanadium,  and  molybdenum) 
is  the  same  as  increasing  the  rate 
of  cooling.  Both  actions  produce  a 
harder  structure  with  a  flatter,  wider 
hysteresis  loop  and  attending  varia¬ 
tions  in  y„  y*,  Oi,  and  o,. 

The  effect  of  structure  variation 
alone  on  magnetic  properties  is  very 
marked.  A  low  carbon  steel  at  a 
fiux  value  below  saturation  posses¬ 
ses  relatively  small  hysteresis  loss. 
If  the  same  steel  is  hardened  by 
first  heating  above  the  transforma¬ 
tion  temperature  so  that  the  carbide 
is  dissolved  and  by  then  quenching 
in  water,  the  steel  is  in  its  hardest 
state.  Hysteresis  loss  will  be  a  max¬ 
imum  and  saturation  will  take  place 
at  a  fiux  density  which  would  not 
previously  saturate  .the  steel  in  its 
normal  condition.  If  this  hard  steel 
is  drawn  or  tempered  by  heating  for 
some  time  at  a  temperature  below 
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FIG.  3 — ^Block  diagram  showi  method  by  which  Liuoious  incUcotion  is  obtained 
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the  transformation  point,  internal 
stresses  are  relieved,  and  some  of  the 
brittleness  of  the  fully  hardened 
steel  is  removed.  Saturation  is  then 
not  so  pronounced  and  the  hysteresis 
loss  is  less.  A  practical  correlation 
of  Vi,  Vi,  oi,  Os,  and  Vicosoi  with 
metallurgical  and  physical  proper¬ 
ties  is  clearly  indicated. 


a  switch-over  to  provide  for  a  total 
indication  of  four  variables. 

Previously  it  has  been  found  that 
certain  harmonic  components  of  am¬ 
plitude,  phase,  or  both  may  provide 
direct  correlation  with  certain  vari¬ 
ables  in  metallurgical  or  physical 
properties.  Kinsley*,  by  means  of 
the  seventh  harmonic  component 
alone,  was  able  to  detect  and  locate 
decarburization  in  the  presence  of 
varying  analysis  and  structure  in  the 
base  metal. 

Individual  problems  may  be  solved 
by  correlation  with  specific  harmonic 
components,  and  pulse-triggered 
sorting  circuits  can  be  controlled  by 
these  components.  Amplitude  unbal¬ 
ance,  phase  unbalance,  or  phase-dis¬ 
criminating  circuits,  all  are  practi¬ 
cal.  Unfortunately,  any  devices  of 
this  nature  are  limited  to  the  special 
application  for  which  they  are  de¬ 
veloped  because  the  great  variety  of 
metallurgical  and  physical  testing 
problems  encountered  cannot  all  be 
solved  by  a  general  test. 

In  laboratory  investigations,  com¬ 
plete  harmonic  analyzers  would  be 
desirable  to  obtain  exact  measure¬ 
ments  of  the  harmonic  component 
amplitudes  and  phases.  From  these 
measurements  all  possible  correla- 


iRdications  of  AmplitHdo  and  Phoso 

In  the  past,  galvanometers  and 
moving  coil  oscillographs  have  been 
applied  to  laboratory  harmonic  an¬ 
alysis  and  peak,  rms,  or  average 
reading  voltmeters  and  cathode-ray 
indicators  applied  to  industrial  sort¬ 
ing.  With  recent  advances  in  cath¬ 
ode-ray  technique,  the  cathode-ray 
tube  indication  now  presents  many 
advantages  for  industrial  and  lab¬ 
oratory  uses.  High  sensitivity  can 
be  attained  with  portability,  the  com¬ 
plete  waveforms  can  be  seen  and  so 
need  not  be  estimated;  phase  angles 
can  be  measured  and  compared  by 
relatively  unskilled  personnel  using 
the  pattern  on  the  cathode-ray  tube. 

The  cathode-ray  tube  indication 
itself  can  be  correlated  with  a  maxi¬ 
mum  of  four  variables  at  one  time. 
In  the  Ferrograph,  only  the  two  de¬ 
flection  variables  are  utilized,  with 


Resistance-capacitance  band-pass  filters 
are  used  to  separate  fundamental  and 
third  harmonic  of  the  23cps  test  frequency 
used  for  metal  testing 


lations  of  harmonic  analysis  with 
metallurgical  and  physical  factors 
could  be  determined. 

The  basic  principle  of  operation 
of  the  Ferrograph  is  the  harmonic 
analysis  of  the  induced  voltage  in 
the  secondary  of  a  test  transformer 
in  which  the  sample  to  be  tested  is 
made  the  core  of  the  transformer. 
The  ideal  instrument  would  give 
amplitudes  and  phase  angles  of  fun¬ 
damental  and  odd  harmonic  com¬ 
ponents  of  the  induced  voltage  up 
to  the  seventh  harmonic.  From  pre¬ 
vious  discussions  it  is  clear  that  an 
instrument  indicating  the  ampli¬ 
tudes  and  phase  angles  of  the  funda¬ 
mental  and  third  harmonic  com¬ 
ponents  serves,  for  most  practical 
problems  in  industry,  and  provides 
an  instrument  not  too  involved  for 
use  by  unskilled  industrial  personnel. 
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An  iMdastrial  InstTHment 

To  compare  the  relative  ampli¬ 
tudes  of  Vi  and  V,  and  the  difference 
in  phase  angle  between  ai  and  a*,  the 
oscilloscopic  indication  is  a  Lissajous 
pattern.  A  block  diagram  of  the  cir¬ 
cuit  is  shown  in  Fig.  3.  The  resultant 
pattern  on  the  cathode-ray  tube  is  a 
familiar  Lissajous  pattern  showing 
a  frequency  ratio  of  3 : 1. 

The  vertical  deflection  on  the 
cathode-ray  tube  is  proportional  to 
V’,sin(3o)f  -1-  a,  +  a'"),  the  horizontal 
deflection  to  Visin  (oit  -f  ai  -I-  ri"),  the 
phase  difference  being  (ai  a")  — 
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FIG.  4 — ^Block  diagram  shows  sequsiics  of  wore  shaping  to  produco  phase  indication 
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(a,  -I-  a'").  The  filter  networks  of 
Ni  to  Ni  are  resistance-capacitance 
parallel-T  networks  tuned  to  the  fre¬ 
quencies  shown.  As  these  are  fre¬ 
quency  rejection  networks,  the  har¬ 
monic  components  not  desired  are 
eliminated. 

To  improve  the  signal-to-noise 
ratio,  amplifiers  with  feedback  con¬ 
trolled  by  similar  networks  are  util¬ 
ized. 

The  second  indication  desired  is  a 
comparison  of  the  phase  angles  a, 
and  a*  with  an  accuracy  of  ±0.5  de¬ 
gree  at  the  oscillator  frequency.  A 
block  diagram  of  the  circuit  is  shown 
in  Fig.  4,  with  the  waveforms 
sketched  at  various  points. 

It  is  necessary  to  have  the  phase 
indicators  independent  of  the  ampli¬ 


tude  of  the  harmonic  components. 
The  horizontal  sweep  is  a  time  base 
triggered  by  the  oscillator,  with  the 
duration  controlled  in  three  steps  by 
a  resistance-capacitance  gate  circuit, 
the  duration  of  the  gate  being  30, 
60,  or  80  electrical  degrees  at  the 
oscillator  frequency.  The  linear  saw¬ 
tooth  sweep  is  generated  by  these 
rectangular  pulses  of  definite  dura¬ 
tion.  This  sawtooth  wave  is  then 
amplified  for  deflecting  purposes. 


Blocking  oscillators  are  used  as 
the  phase  pulse  markers.  The  firing 
points  of  the  two  blocking  oscillators 
are  controlled  by  the  intercepts  of 
the  sine  waves  V’,sin((i)t  +  ai  + 
and  y,sin(3u>t  -f-  a,  -t-  a'")  with  the 
zero  axis,  full-wave  rectification  and 
direct  coupling  to  the  blocking  oscil¬ 
lators  being  used  for  this  purpose. 
To  obtain  the  aj  pulse  as  a  positive 
vertical  deflection  and  the  a,  pulse 
as  negative  vertical  deflection,  a 
biased  vertical  deflection  amplifier  is 
utilized. 

Circuit  Details 

A  schematic  diagram  is  shown  in 
Fig.  5.  Only  those  circuits  which  are 
uniquely  essential  to  this  instrument 
are  shown. 


The  oscillator  is  easily  recogniz¬ 
able  as  a  Kallitron  type,  a  very  stable 
push-pull  oscillator  producing  a  sine 
wave  with  negligible  harmonics  by 
means  of  controlled  feedback  and  de¬ 
generation.  The  oscillator  frequency 
is  23  cps  to  give  the  best  correlation 
with  the  desired  magnetic  properties 
and  is  not  a  submultiple  of  any  power 
frequency.  This  nonconformity  to 
the  power  frequency  is  necessary  to 
achieve  the  high  degree  of  filtering 


required  in  the  separation  of  the  in¬ 
duced  voltage  into  fundamental  and 
third  harmonic  components. 

The  power  amplifier  is  of  the 
standard  push-pull  type  giving  a 
maximum  power  output  of  six  watts. 
This  power  is  sufficient,  for  with  the 
output  matched  by  a  transformer  to 
the  test  transformer  a  maximum 
magnetomotive  force  of  1,000  gil- 
berts  is  possible.  For  most  practical 
purposes  this  is  the  highest  magne¬ 
tizing  force  required.  The  mmf  is 
continuously  variable  below  this 
limit. 

The  four-terminal  filter  networks 
give  a  frequency  rejection  character¬ 
istic  similar  to  a  two-terminal  series- 
resonant  inductance-capacitance  net¬ 
work  used  at  higher  frequencies; 
at  the  rejection  frequency  /*•  = 
1/2t:R^Ck,  where  /,  R,  and  C  are  as 
given  in  Fig.  5*.  These  networks 
when  properly  matched  have  an  ef¬ 
fective  Q  of  six.  The  networks  iV, 
and  Ns  are  degenerative  feedback 
controls  in  the  two  amplifiers  con¬ 
taining  these  networks.  The  signal- 
to-noise  ratio  is  considerably  im¬ 
proved  by  their  use. 

The  vertical  and  horizontal  deflec¬ 
tion  amplifiers  are  of  the  conven¬ 
tional  push-pull  phase  inverter  type. 

A  similar  diagram  of  the  phase 
pulse  indicating  circuits  is  shown  in 
Fig.  6  as  two  separate  diagrams.  As 
the  production  of  the  blocking  oscil¬ 
lator  pulse  is  the  same  for  both  the 
fundamental  and  third  harmonic 
component  voltages  in  two  separate 
channels,  only  one  is  given  in  detail. 

The  output  of  the  third  harmonic 
deflection  amplifier  is  matched  by  a 
push-pull  cathode  follower  stage  and 
transformer  coupling  to  the  full- 
wave  rectifier.  This  matching  is 
necessary  to  eliminate  the  distortion 
of  waveform  resulting  from  any  im¬ 
pedance  mismatch.  The  output  of 
the  full-wave  rectifier  is  directly 
coupled  to  the  grid  of  the  biased 
blocking  oscillator,  with  impedance 
matching  again  being  carefully  con¬ 
sidered.  The  blocking  oscillator  is 
biased  so  that  it  will  only  fire  when 
the  grid  is  at  zero  voltage,  this  being 
at  the  intercepts  of  the  voltage 
VsSin(3o)t -i- Oa -f  a")  with  the  zero 
axis.  Thus  the  firing  of  the  block¬ 
ing  oscillator  is  independent  of  the 
amplitude  F,,  is  synchronized  to  the 
frequency  3/,  and  possesses  a  phase 
angle  of  (a*  -f  a'")  with  respect  to 


FIG.  5 — Filtar  drcuiti  indicated  by  blocks  in  Fig.  3 
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FIG.  6 — (A)  Circuit  detail  oi  Tertical  deflection  pulse  generator  that  is  shown  by 
blocks  at  the  top  of  Fig.  4.  (B)  Details  of  final  stages  of  horisontal  sweep  circuits 
that  are  shown  as  blocks  at  the  bottom  of  Fig.  4 


the  energizing  current  in  the  test 
transformer. 

The  production  of  the  blocking  os¬ 
cillator  pulse  independent  of  the 
amplitude  V„  synchronized  to  the 
frequency  /  and  the  phase  angle 
X,  -h  a",  is  identical  to  the  above. 
The  phase  angles  a"  and  a"'  are  in¬ 
troduced  by  circuit  time  constants, 
x"  being  variable  by  manual  control. 
As  it  is  necessary  to  exhibit  the  fun¬ 
damental  and  third  harmonic  pulse 
markers  on  the  cathode-ray  tube 
screen  at  the  same  time,  a  class  B 
push-pull  deflection  amplifler  is  util¬ 
ized  for  the  vertical  amplifier.  The 
blocking  oscillator  pulse  of  frequency 
f  and  phase  angle  ai  -f  a"  is  there¬ 
fore  in  a  positive  vertical  direction, 


and  the  pulse  of  frequency  3/  and 
phase  angle  a*  -f  r"  is  in  the  nega¬ 
tive  vertical  direction. 

The  procedure  followed  in  Fig.  6B 
is  straightforward  up  to  the  differen¬ 
tiation.  A  series  resistance-capaci¬ 
tance  linear  network  differentiates 
the  square  wave.  As  only  the  posi¬ 
tive  differentiation  is  required,  a 
half-wave  rectifier  is  used.  These 
positive  pulses,  which  are  independ¬ 
ent  of  the  amplitude  of  the  exciting 
current,  and  are  of  frequency  /  and 
phase  angle  a  (due  to  circuit  time 
constants,  phase  vernier  control,  and 
manually  set  cascade  phase  shifter), 
trigger  the  gate  circuit  shown.  The 
duration  of  the  gate  is  controlled  by 
the  resistors  R^,  which  are  set 


for  30,  60,  and  80  electrical  degrees 
at  the  fundamental  frequency.  The 
resultant  negative  rectangular  pulse 
controls  the  linear  charge  and  quick 
discharge  of  capacitors  Ci,  C*,  C». 
The  charge-discharge  curve  is  ampli¬ 
fied  to  provide  the  horizontal  sweep 
of  the  cathode-ray  tube.  Thus,  the 
horizontal  sweep  is  of  controlled  du¬ 
ration,  of  frequency  /,  and  of  phase 
angle  a'. 

Throughout  all  circuits,  the  sig- 
nal-to-noise  ratio  must  be  kept  as 
high  as  possible.  This  can  be 
achieved  only  by  careful  design  and 
layout. 

The  oscillator  output  must  be 
stable  in  amplitude  and  frequency 
within  ±0.25  percent  to  utilize  the 
high  Q  of  the  filter  networks.  The 
filter  networks  themselves  must  be 
carefully  shielded  and  neces.sarily  of 
high-grade  components  balanced  in 
value  within  ±0.25  percent  to  attain 
and  retain  the  maximum  Q. 

In  the  exhibition  of  the  Lissajous 
pattern,  it  is  desirable  to  keep  the 
electron  beam  in  the  cathode-ray 
tube  at  a  fairly  high  level  of  inten¬ 
sity.  Protection  must  be  provided 
for  the  cathode-ray  tube  to  cut  the 
beam  off  when  the  vertical  and  hori¬ 
zontal  deflection  amplitudes  are  of 
such  low  values  that  the  beam  is 
confined  to  a  short  tracing  path. 
This  cutoff  is  controlled  by  the  am¬ 
plitude  of  the  vertical  deflecting  volt¬ 
age  V,sin3a>t,  as  shown  in  Fig.  7. 

During  the  phase  pulse  indications, 
the  electron  beam  in  the  cathode-ray 
tube  is  stationary  for  a  maximum  of 
90  percent  of  the  fundamental  period. 
When  the  beam  is  stationary  the  in- 
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fIG*  7 — To  protect  the  screen  of  the  cathode-roy  tube,  this  circuit 
■witches  on  the  beom  only  if  the  third  harmonic  deflection  is 
strong  enough  to  produce  a  usable  pattern 


FIG.  8 — The  electronic  beam  of  the  cathode-ray  tube  is  intensified 
by  this  circuit  during  each  phase-indicating  pulse  so  that  the  trace 
will  remain  bright  enough  to  be  readable 
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tensity  level  can  be  set  so  that  the 
beam  is  extinguished  if  the  rectan> 
gular  pulse  output  of  the  gate  circuit 
controls  the  beam  intensity.  To  in¬ 
tensify  the  short-duration  blocking 
oscillator  pulses  on  the  cathode-ray 
tube  screen,  they  are  mixed  with  the 
gate  output  to  modulate  the  beam 
intensity.  The  circuit  with  the  wave 
forms  is  shown  in  Fig.  8. 

Operotloi 

The  instrument  as  used  practically 
has  two  selectable  indications  on  the 
cathode-ray  tube.  The  first  (or  in¬ 
dication  A)  is  the  Lissajous  pattern 
of  vertical  amplitude  KaVs,  horizon¬ 
tal  amplitude  KiV^  and  relative  phase 
deviation  (ai  +  a")  —  (a*  +  a'")» 
where  Vi,  Fj,  ct„  (Xg,  a",  and  a'"  are  as 
given  before ;  Ki  and  Ka  are  constants 
of  circuit  amplification.  The  flux  den¬ 
sity  control  sets  the  amplitudes  of 
the  indication;  the  phase  set  control 
gives  an  easily  recognizable  pattern. 
The  sample  to  be  tested  with  this 
indication  is  placed  in  the  test  coil 
and  the  flux  density  increased  until 


a  pattern  appears  on  the  screen.  The 
phase  of  the  pattern  may  then  be 
set  at  will. 

Where  much  higher  sensitivity  of 
phase  indication  is  desired,  the  sec¬ 
ond  (or  indication  B)  is  switched  in. 
The  B  indication  has  a  horizontal 
sweep  of  relative  phase  a'  and  three 
selectable  sensitivities,  80  degrees 
(sensitivity  of  20  degrees  per  inch 
deflection),  60  degrees  (sensitivity 
of  15  degrees  per  inch),  and  30  de¬ 
grees  (sensitivity  of  degrees  per 
inch).  Pulse  vertical  deflections  are 
used,  the  positive  deflection  being 
the  tti  -f-  pulse,  the  negative  de¬ 
flection  the  oa  4-  a'"  pulse.  The  second 
phase  control,  which  varies  a',  is  used 
to  bring  the  pulse  markers  into  the 
time  interval  of  the  cycle  given  by 
the  horizontal  sweep.  The  phase 
vernier  control  is  used  to  return  the 
fundamental  and  third  harmonic 
pulses  to  a  null  position. 

Correlation  With  Physical  Properties  of 
Perromagnetie  Materials 

A  great  deal  of  data  is  available 


in  the  literature  giving  a  correlation 
of  magnetic  properties  evaluated  by 
harmonic  analysis  to  various  metal¬ 
lurgical  properties  such  as  hardness, 
impact  strength,  and  structure.  Most 
of  the  data  has  been  obtained  on 
carefully  prepared  sets  of  samples  in 
which  all  variables  were  kept  con¬ 
stant  with  the  exception  of  the  one 
under  investigation.  One  of  the  least 
understood  points  concerning  the  ap¬ 
plication  of  magnetic  testing  to  the 
metallurgical  field  is  that  unimpor¬ 
tant  variables,  usually  ignored  be¬ 
cause  they  do  not  affect  the  service 
life  of  a  metal  part,  may  have  a 
major  effect  on  magnetic  properties. 
For  this  reason,  the  translation  of 
fundamental  relationships  between 
magnetic  and  physical  properties  into 
practical  tests  should  be  done  very 
carefully. 

The  relationship  between  carbon 
content  of  steel  and  its  magnetic 
properties  gives  a  useful  method  of 
classifying  steels  according  to  carbon 
content.  Before  the  metallurgist  can 
use  an  electronic  instrument  for  this 


FIG.  9 — ^Ralotiye  amplitudes  of  fundomental  and  third  harmonic 
voltages  vary  with  percent  carbon  content  of  test  sample 


FIG.  10 — Variation  of  phase  angle  between  fundamental  and 
third  harmonic  voltages  indicates  carbon  content  of  sample 
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purpose,  he  must  make  sure  that  ex¬ 
traneous  variables  such  as  alloy  con¬ 
tent  and  heat  treating  history  do  not 
produce  a  significant  change  in  the 
magnetic  properties  being  compared, 
which  might  completely  mask  the  de¬ 
sired  correlation. 

From  test  results.  Fig.  9  and  10 
illustrate  the  correlation  between 
Ferrograph  readings  on  standard 
Carbometer  steel  samples  and  their 
carbon  content.  By  determining  re¬ 
lative  amplitudes  and  phase  relations 
of  the  first  and  third  harmonics,  sat¬ 
isfactory  correlation  with  carbon 
content  is  obtained  on  samples  with 
0.40  percent  carbon  content  and  over, 
which  are  all  cast  from  the  molten 
metal  and  quenched  ih  water.  On 
samples  with  less  than  0.40  percent 
carbon  which  are  allowed  to  cool 
slowly  in  the  mold,  no  reliable  corre¬ 
lation  is  obtained  because  of  differ¬ 
ences  in  cooling  rate  in  hot  and  cold 
molds. 

The  A-series  of  samples  tested  va¬ 
ried  from  0.08  percent  to  0.40  per¬ 
cent  manganese  and  had  the  usual 
variations  in  sulphur,  phosphorus, 
and  silicon  found  in  a  series  of  heats 
of  open  hearth  steel.  Only  traces  of 
chromium,  nickel,  molybdenum,  and 
copper  were  present.  These  normal 
changes  in  analysis  from  heat  to  heat 
did  not  interfere  with  the  carbon  cor¬ 
relation. 

Series-B  samples  contain  about 
0.10  percent  chromium,  0.50  percent 
nickel,  and  0.07  percent  molybdenum. 
This  alloy  content  affects  magnetic 
properties  sufficiently  to  interfere 
with  carbon  correlation.  Samples  of 
series-B  can  be  identified  by  the  Fer¬ 
rograph  and  can  be  tested  separately 
for  carbon  content.  These  graphs 
show  that  the  instrument  can  corre¬ 
late  carbon  content  in  samples  of 
similar  analysis,  can  distinguish  be¬ 
tween  high  and  low  alloy  content 
samples,  and  can  separate  high  and 
low  alloy  samples  with  the  same  car¬ 
bon  content 

Applicatieu 

Practical  uses  of  the  instrument 
are  illustrated  by  the  following  ex¬ 
amples.  Steel  bars  were  sorted  to 
reject  those  softer  than  Rockwell 
C  32.  Readings  of  first  and  third 
harmonic  amplitude  did  not  provide 
a  practical  separation.  However,  ob- 


FIG.  11 — Separation  ol  soft  bolts  from  hard 
ones  was  done  by  obtaining  pcrttem  at 
(A)  for  soft  bolts  and  pattern  at  (B)  for 
hard  bolts.  Both  the  relative  amplitude 
and  the  phase  of  third  harmonic  relative 
to  the  fundamental  changed  to  give  the  in¬ 
dication  of  hardness  in  this  instance 


servation  of  the  relative  phases  pro¬ 
vided  a  sufficiently  sensitive  test  for 
correlation  with  hardness  so  that  the 
separation  could  be  made. 

In  many  instances,  as  the  forego¬ 
ing  illustration  indicates,  one  of  the 
two  types  of  display  gives  the  better 
and  more  easily  read  indication  of 
metallurgical  differences.  There  is 
also  an  optimum  test  magnetomotive 
flux  density  for  a  particular  sorting 
problem.  A  few  tests  at  various 
values  of  energizing  current  will  es¬ 
tablish  the  most  satisfactory  flux 
density  in  each  instance. 

Steel  bolts  half  an  inch  in  diameter 
and  three  inches  long  were  acciden¬ 
tally  made  of  tw’o  different  steels. 
The  error  w'as  not  discovered  until 
after  the  bolts  had  been  heat  treated. 
The  bolts  made  of  SAE  1035  were 
satisfactory  but  those  made  of  lower 
carbon  SAE  1020  were  too  soft.  The 
hardness  of  the  two  lots  differed  by 
fifteen  points  Rockwell  C.  A  few 
samples  of  bolts  made  of  each  steel 
were  identified  in  a  hardness  ma¬ 
chine.  A  soft  bolt  was  placed  in  the 
instrument  test  coil  and  the  flux 
density  and  harmonic  phase  adjusted 
to  give  the  pattern  of  Fig.  11  A.  In¬ 
serting  a  bolt  made  from  SAE  1035 
steel  gave  the  pattern  of  Fig.  IIB. 
The  several  traces  in  each  pattern 
indicate  the  limits  of  variation  of  the 


FIG.  12 — Phase  angle  between  fundo- 
mental  and  third  harmonic  was  used  to 
identify  samples  having  too  soft  a  core. 
(A)  The  two  phase  pulses  are  made  to 
approximately  coincide  for  satisfactorily 
hard  samples.  (B)  Separation  of  pulses 
indicates,  in  this  case,  that  core  is  soft 


patterns  for  fifty  samples.  This  pre¬ 
liminary  w'ork  established  the  fact 
that  there  was  no  overlapping  of  the 
indications  for  bolts  made  from  the 
two  steels  at  the  flux  density  chosen. 
Sorting  proceeded  on  the  mixed  bolts 
at  a  rate  of  about  one  per  second. 

Among  700,000  case-hardened 
track  pins  were  some  whose  core 
hardness  did  not  meet  specifications, 
although  the  surface  hardness  w^as 
satisfactory.  Obviously  it  was  im¬ 
possible  to  segregate  the  unsatisfac¬ 
tory  pins  by  hardness  testing. 

Satisfactory  pins  ranged  from  32 
to  38  Rockwell  C  in  the  core ;  unsatis¬ 
factory  pins  ranged  well  above  and 
below  these  limits.  The  differences 
in  phase  angle  between  acceptable 
and  unacceptable  samples  were  more 
evident  than  differences  in  harmonic 
amplitudes.  Figure  12  shows  the  in¬ 
dications  obtained  for  satisfactory 
and  soft  cored  pins. 
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pendent  outputs  the  reduction  ot 
volume  appears  only  at  the  crew 
member’s  position  where  the  facili¬ 
ties  are  connected  together.  Several 
methods  of  eliminating  this  fault  are 
in  use  but  are  not  entirely  satisfac¬ 
tory  with  a  large  number  of  facili¬ 
ties. 

A  satisfactory  method  of  overcom- 
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Isolation  ampliiier  for  three  crew  members.  An  interphone  amplifier  and  vibrator 
power  supply  are  included  in  the  shock-mounted  unit  which  weighs  10.2  lb 


The  larger  present-day  aircraft 
carry  numerous  radio  receivers. 
A  typical  installation  includes  one  or 
two  automatic  direction-finder  re¬ 
ceivers,  one  range  receiver,  one  com¬ 
munications  receiver,  and  one 
,  Z-marker  receiver.  Installations 
sometimes  include  a  spare  communi¬ 
cations  receiver,  a  vhf  receiver, 
localizer  and  glide-path  receivers. 

In  addition  to  the  above  receivers, 
the  pilot  must  be  able  to  listen  to 
interphone  and  transmitter-monitor¬ 
ing  sidetone  circuits.  The  copilot 
and  radio  officer  should  also  be  able 
^  to  listen  to  some  if  not  all  of  the 
above  receiver,  interphone  and  trans¬ 
mitter  monitoring  circuits. 

Simple  Switching  Inadeqvate 

Quite  often  the  pilot  may  want 
to  listen  to  more  than  one  receiver  at 
a  time.  The  (kopilot  may  desire  to 
listen  to  some  other  receivers  while 
the  radio  officer  is  listening  to  still 
another  combination  of  radio  facili¬ 
ties. 

These  requirements  present  a 
problem  in  the  design  of  control 
panels.  To  enable  each  crew  member 
to  listen  to  any  combination  of  radio 


circuits  at  his  position,  we  might 
simply  provide  toggle  switches  to 
connect  each  crew  member’s  head¬ 
phones  to  each  output.  This  method 
is  satisfactory  when  none  of  the 
crew  members  connects  his  head¬ 
phones  to  more  than  one  facility  at 
a  time.  But  if  any  crew  member 
connects  his  headphones  to  two  cir¬ 
cuits  he  connects  the  circuits  to¬ 
gether  not  only  for  himself  but  for 
all  the  other  crew  members,  as  shown 
in  Fig.  1. 

One  method  used  to  overcome  the 
above  difficulty  is  to  provide  each 
facility  with  a  separate  output  cir¬ 
cuit  for  each  crew  member  as  shown 
in  Fig.  2.  Each  output  is  usually 
obtained  by  adding  another  tube  and 
associated  transformer  in  each 
facility.  This  method,  used  by  most 
of  the  domestic  airlines,  becomes 
unwieldy  when  more  than  two  crew 
members  must  have  radio  facilities. 
Another  disadvantage  is  the  reduc¬ 
tion  in  volume  of  each  output  due  to 
the  loading  effect  of  the  other  equip¬ 
ment  connected  to  it.  When  several 
facilities  are  connected  to  the  head¬ 
phones  at  one  station  this  reduction 
is  appreciable.  Due  to  the  inde- 
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FIG.  2 — Improved  switching  system  for 
two  crew  members.  With  switches  in  posi¬ 
tions  shown  the  pilot  hears  receivers  A. 
B,  C  and  the  interphone.  Copilot  hears 
receiver  A  and  interphone  much  louder 
than  the  pilot.  Even  with  no  provision  for 
the  radio  officer  a  total  of  five  extra  tubes 
is  required  in  order  to  provide  each  crew 
member  with  a  separate  output  circuit  for 
each  facility 


FIG.  1 — Conventional  switching  system  for 
three  crew  members.  With  the  switches 
thrown  as  indicated,  the  pilot,  copilot  and 
radio  officer  will  all  hear  receiver  A.  re¬ 
ceiver  B,  and  the  interphone.  Heavy  lines 
indicate  the  circuit  interconnections. 


INDEPENDENT 


AMPLIFIERS 

for  Aiicidft 


Signals  from  interphone  and  four  or  more  receivers  must  be  immediately  available  in  various 
romlnnations  to  pilot,  copilot  and  radio  officer  of  large  commercial  planes.  Isolation  ampli¬ 
fiers  allow  a  maximum  of  different  connections  without  crosstalk  or  attenuation 


ing  all  the  above  difficulties  was 
developed  by  the  author  in  1942,  and 
has  been  used  on  aircraft  in  sched¬ 
uled  operation  since  that  time. 

Complete  Circuit  Isolation 

By  means  of  isolation  amplifiers, 
the  pilot,  copilot,  and  radio  officer 
may  each  listen  to  any  combination 
of  facilities  without  affecting  the 
volume  or  combinations  of  facilities 
in  use  by  the  others.  In  this  method, 
shown  in  Fig.  3,  each  crew  member 
has  a  set  of  toggle  switches  which 
connect  the  desired  circuits  together 
through  high  resistances  to  the  grid 
of  a  vacuum-tube  amplifier.  Each 
crew  member  has  his  own  amplifier 
which  is  isolated  electrically  from  the 
others.  Since  the  facilities  are  con¬ 
nected  together  only  through  high 
resistances  they  are  effectively  iso¬ 
lated  from  each  other. 

The  grid  of  the  vacuum-tube  isola¬ 
tion  amplifier  requires  no  power,  so 
the  only  loss  encountered  is  that  due 
to  the  interconnecting  resistors. 
This  loss  is  proportional  to  the  total 
number  of  facilities,  and  is  made 
constant  whether  the  circuits  are  in 
use  or  not  by  using  another  resistor 
of  the  proper  size  connected  between 
the  receiver  end  of  each  high  resist¬ 
ance  and  ground.  The  gain  of  a  sin¬ 
gle  amplifier  tube  is  sufficient  to 
bring  the  net  loss  to  zero  when  five 
facilities  are  used. 

The  value  of  the  resistor  used  to 
connect  the  high  resistance  to  ground 
when  the  facility  is  disconnected  ' 
should  be  several  times  the  output 
impedance  of  the  device  so  as  not  to 
affect  its  output  voltage  sensibly  by  > 
connection  or  disconnection. 

The  amount  of  loss  in  the  series 
grid  resistors  can  be  shown  by  an 
example.  If  they  are  each  1  megohm 


and  the  receiver  outputs  are  each  500 
ohms,  the  voltage  from  any  one  out¬ 
put  will  feed  to  the  grid  of  the  ampli¬ 
fier  connected,  then  through  the 
other  four  1-megohm  resistors  to 
ground,  by  way  of  the  low-imped¬ 
ance  outputs.  This  path  will  have  a 
resistance  of  about  250,000  ohms. 
Thus,  the  voltage  on  -the  grid  will 
be  about  250,000  1,250,000  or  one- 
fifth  of  that  at  the  output.  This  is 
a  loss  of  14  db. 

An  extension  of  the  same  example 
shows  the  effectiveness  of  the  series 
grid  resistors.  Voltage  at  any  grid 
from  any  one  facility  is  fed  back  to 
the  output  terminals  of  every  other 
facility  in  use  through  a  1-megohm 
resistor.  Thus  the  voltage  fed  to 
each  equipment  of  500-ohm  imped¬ 
ance  is  500  divided  by  1,000,500, 
times  the  voltage  on  the  grid.  This 
represents  a  loss  of  about  66  db. 
3ince  Jhe^  voltage  on  the  grid  is  a 


fifth  of  that  fed  from  a  facility  (as 
showm  above)  there  is  an  additional 
attentuation  of  14  db,  making  jt-total 
of  80  db  down.  However,  since  there 
may  be  other  paths  not  considered, 
the  minimum  coupling  could  be  as 
high  as  -69  db. 

Two  alternatives  in  the  application 
of  the  method  are  possible.  A  com¬ 
plete  isolation  amplifier  for  each 
crew  member  can  be  built  into  his 
control  panel,  or  each  control  panel 
may  contain  only  the  resistors  used 
to  connect  the  facilities  together,  all 
the  amplifier  tubes  being  mounted  in 
one  unit  with  a  common  power  sup¬ 
ply.  The  latter  alternative  was  used 
by  the  author,  and  an  isolation  am¬ 
plifier  was  designed,  using  three  14C5 
tubes  as  the  three  isolation  amplifier 
tubes.  An  interphone  amplifier  and 
power  supply  are  included.  The  total 
weight  of  the  unit  complete  with 
shock  mounts  is  about  10  lb. 
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FIG.  3 — Isolation  amplifier  method.  With  these  connections,  the  pilot  hears  receivers 
A,  B,  and  C.  Copilot  hears  B.  D.  Radio  officer  hears  receivers  A.  C,  and  the  inter¬ 
phone.  All  signals  are  at  the  some  level.  A  total  of  four  extra  tubes  is  required,  one 
of  which  (not  shownl  is  used  in  the  amplifier  power  supply.  Resistors  from  each 
switch  arm  to  ground  are  not  shown 
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camera  control,  and  remote  monitor. 
Provisions  are  made  for  three  cam¬ 
era  chains,  used  with  a  single  master 
control  unit  and  synchronizing  gen¬ 
erator,  as  indicated  in  Fig.  1.  Each 
camera  chain  operates  independently 
so  that  one,  two,  or  three  cameras 
may  be  used,  depending  upon  the  re¬ 
quirements  of  the  program  to  be  tele¬ 
vised. 

The  equipment  is  designed  to  pro¬ 
duce  a  composite  output  which  con- 
units:  the  modified  camera,  a  camera  sists  of  the  video  signal  and  FCC 
auxiliary,  and  a  camera  control  unit,  standard  synchronizing  signals.  The 

amplitude  of  the  output  is  approxi¬ 
mately  11  to  2  volts  peak-to-peak  of 
video  signal  developed  across  70 
ohms,  and  a  2  to  1  ratio  of  video  to 
synchronizing  signals.  The  video¬ 
frequency  amplifiers  are  designed 
and  adjusted  to  amplify  frequencies 


New  35-pound  teloTision  camera,  connected  by  coble  to  suitcase- 
type  portable  camera  auxiliary  unit 


The  purpose  of  this  article  is  to 
describe  a  new  lightweight  tele¬ 
vision  camera  and  associated  control, 
monitoring,  and  synchronizing  equip¬ 
ment  developed  in  the  Philco  televi¬ 
sion  engineering  laboratories.  With 
this  equipment,  several  camera 
chains  can  easily  be  operated  from  a 
single  portable  master  control  unit 
fed  by  a  portable  synchronizing  gen¬ 
erator,  as  required  for  televising  on- 
the-spot  news,  sports  events;  street 
parades,  conventions,  and  other  out¬ 
door  or  indoor  scenes.  However,  this 
portable  equipment  can  also  be 
adapted  readily  for  studio  work.  It 
offers  the  advantages  that  each  unit 
is  designed  to  be  as  compact,  sturdy 
and  light  in  weight  as  possible,  easy 
to  operate  and  maintain,  and  easy  to 
set  up. 

At  the  time  when  development  of 
this  new  video  equipment  was  ini¬ 
tiated,  the  sole  camera  tube  suitable 
for  a  portable  camera  of  the  suitcase 
type  was  the  1848  iconoscope.  Realiz¬ 
ing  that  other  camera  tubes  might 
soon  be  available,  it  was  decided  to 
design  the  new  portable  equipment  in 
such  a  way  that  other  camera  chains, 
incorporating  such  newer  tubes  as 
the  image  orthicon,  for  example, 
could  readily  become  part  of  the 
same  system  by  merely  adding  three 


General  Characteristics 

Since  the  equipment  is  truly  port¬ 
able  and  of  the  suitcase  type,  it  was 
necessary  to  divide  it  into  several 
units.  A  single  camera  chain  con¬ 
sists  of  a  camera,  camera  auxiliary. 


Portable  teleTision  control  setup  for  operating  a  two-camera  chain.  Units  are.  left  to 
right,  remote  monitor  No.  2.  master  control,  remote  monitor  No.  1.  camera  control  No.  2. 
synchronising  generator,  and  camera  control  No.  1 
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PICKUP  EQUIPMENT 

Description  of  new  suitcase-type  television  control  units  and  35-lb  camera.  Three  camera 
chains  fed  by  a  single  synchronizing  generator  can  be  set  up  in  a  few  minutes  for  use  with  a 
common  master  control  unit  for  remote  indoor  or  outdoor  program  pickups 


FIG.  1 — Block  diagrom  showing  portable  rideo  pickup  units  em¬ 
ployed  lor  a  three-camera  program 


FIG.  2 — Method  of  shielding  iconoscope  in  camera  unit  to  permit 
operation  near  a  radio  trcmsmitter 


from  below  30  cps  up  to  5  me  with 
uniform  response. 

The  length  of  the  cable  from  cam¬ 
era  auxiliary  to  camera  control  unit 
can  be  as  long  as  500  feet,  making  it 
possible  for  any  two  cameras  to  be 
separated  by  distances  up  to  1,000 
feet.  The  lengths  of  all  other  cables 
vary  from  10  to  15  feet.  The  length 
of  cable  from  camera  auxiliary  to 
camera  control  enables  the  camera 
control,  remote  monitor,  master  con¬ 
trol,  and  synchronizing  generator 
units  to  be  set  up  in  some  type  of 
control  room  (mobile  or  stationary), 
while  the  cameras  and  their  auxil¬ 
iary  units  may  be  at  some  distance 
from  the  control  room. 


The  equipment  operates  from  any 
suitable  115-volt,  60-cps  single-phase 
power  supply  system.  The  current 
consumption  for  the  equipment  with 
one,  two,  or  three  cameras  is  approxi¬ 
mately  15,  23,  or  31  amperes,  respec¬ 
tively.  Each  unit,  except  the  camera, 
contains  its  own  -4- 175-volt  regulated 
power  supply. 

The  chassis  and  frames  of  each 
unit  are  constructed  from  aluminum 
and  dural.  The  sides  of  each  unit 
are  easily  removed,  to  make  tubes 
and  parts  accessible.  In  operating 
the  equipment  there  is  need  only  to 
open  the  front  and  back  doors,  which 
slide  back  into  the  sides.  All  cables 
are  attached  to  the  rear  of  each  unit, 


and  all  controls  are  located  on  the 
front. 

Camera 

The  components  in  the  camera  are 
the  iconoscope,  deflection  coils,  an 
induction  motor  for  optical  focusing, 
a  three-stage  head  amplifier,  and  bias 
and  signal  lights.  The  power  and  de¬ 
flection  circuits  for  the  camera  are 
located  in  the  camera  auxiliary  unit. 

One  of  the  special  features  of  the 
camera  consists  of  three  shields 
around  the  iconoscope,  shown  in 
Fig.  2.  It  is  often  necessary  to  oper¬ 
ate  remote  pickup  equipment  near 
radio  broadcasting  transmitters  or 
in  a  location  where  there  is  consider- 
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able  electrical  disturbance.  The 
presence  of  broadcast  pickup  in  the 
picture  signal  can  become  very  an¬ 
noying  to  the  viewer  of  the  picture. 
One  shield  is  not  sufficient,  since  the 
r-f  current  must  flow  through  the 
outer  shield  attid  can- then  be  picked 
up  by  the  inner  conductor  which  car¬ 
ries  the  picture  signal.  It  was  found 
from  experiments  in  the  laboratory 
and  during  field  tests  that  three 
shields  were  necessary  for  satisfac¬ 
tory  shielding  from  outside  electrical 
disturbances  and  broadcast  pickup. 
These  three  shields  are  carried 
through  to  the  camera  auxiliary  unit 
where  each  has  a  common  ground. 

Only  a  three-stage  head  amplifier, 
the  iconoscope,  and  power  and  signal 
leads  for  the  head  amplifier  are  con¬ 
tained  within  the  first  shield  of  the 
camera.  The  deflection  coils  are  in¬ 
side  the  second  shield,  along  with  de¬ 
flection,  filament,  and  anode  voltage 
leads  for  the  iconoscope.  The  focus 
motor,  signal  lights,  the  outlet  for 
the  order  wire  system,  and  the  con¬ 
ductors  for  these  components  are  in¬ 
side  the  third  shield. 

The  head  amplifier  consists  of  a 
6J4  input  tube  with  its  grid  con¬ 
nected  directly  to  the  signal  plate  of 
the  iconoscope,  a  6AK5  amplifier,  and 
a  6J6  cathode  follower.  Approxi¬ 
mately  0.5  volt  peak-to-peak  of  pic¬ 
ture  signal  is  developed  across  90 
ohms  in  the  cathode  follower  and  is 
carried  to  the  amplifiers  in  the  auxil¬ 
iary  unit  through  a  90-ohm  coaxial 
line.  The  triode  input  stage  permits 
a  good  signal-to-noise  ratio  to  be  de¬ 
veloped  for  the  system.  The  shading 
signals  are  inserted  on  the  grid  of 
the  6J4  input  tube. 

A  small  115-volt  a-c  reversible 
motor  is  used  to  drive  the  lens  car¬ 
riage  for  optical  focusing.  The  motor 
has  a  speed  of  10  rpm  and  has  dyna¬ 
mic  braking.  The  switching  for  the 
motor  is  done  remotely  in  the  cam¬ 
era  control  unit  with  a  spdt  switch 
handled  by  the  video  operator  while 
observing  a  line  monitor. 

Camera  Auxiliary  Unit 

A  block  diagram  of  the  camera 
auxiliary  unit  appears  in  Fig.  3. 
The  iconoscope  high-voltage  supply 
consists  of  a  —1,000-volt  supply  us¬ 
ing  a  2  X  2  rectifier.  The  iconoscope 
focus  and  bias  controls,  which  are  in 
the  bleeder  of  this  supply,  are  lo¬ 
cated  in  the  camera  control  unit. 


Since  a  high-velocity  electron  beam 
is  used  in  scanning  the  mosaic  of  the 
iconoscope,  it  is  necessary  to  provide 
protective  circuits  in  case  either 
horizontal  or  vertical  deflection 
should  fail;  Figure  4  shows  how  this 
is  accomplished.  A  negative  pulse  is 
taken  from  across  a  two-ohm  resistor 
Ri  in  series  with  the  deflection  yoke. 
This  pulse  is  stepped  up  in  a  trans¬ 
former  and  amplified  by  VT,.  The 
resulting  positive  pulse  drives  FT*, 
the  grid  of  which  is  biased  well  be¬ 
low  cutoff.  The  plate  of  VT^  is  in 
series  with  the  solenoid  of  the  relay 
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FIG.  3 — Block  diagram  of  camera 
auxiliary  unit 


SO  that  when  there  is  sufficient  de¬ 
flection,  VTa  conducts,  closing  the 
contacts  of  the  relay  and  putting  the 
proper  voltage  on  the  cathode  of  the 
iconoscope.  When  there  is  not  suf¬ 
ficient  deflection,  VTs  is  biased  off, 
which  opens  the  cathode  circuit  of 
the  iconoscope. 

The  video-frequency  amplifiers  in 
the  camera  auxiliary  unit  consist  of 
three  6AK5  amplifiers  and  a  6J6 
cathode  follower.  Because  of  the 
high  load  impedance  of  the  icono¬ 
scope  and  the  shunt- capacitance  of 
the  input  stage,  it  is  necessary  to 
compensate  for  the  loss  of  high  fre¬ 
quencies  at  some  point  in  the  video 
amplifier  chain.  This  compensation 
is  accomplished  in  the  plate  circuit 
of  the  first  amplifier  stage  in  this 
unit,  as  shown  in  Fig.  5.  The  low 
frequencies  are  divided  down  by  the 
ratio  of  Ri  to  Ra.  For  best  results  the 
ratio  is  approximately  100  to  1.  Ca¬ 
pacitor  Cl  can  be  adjusted  for  proper 
high-frequency  response.  The  output 


FIG.  4 — Circuit  used  to  open  cathode  cir¬ 
cuit  of  iconoscope  if  either  rertical  or  hori¬ 
zontal  deflection  fails 


of  the  cathode  follower  is  approxi¬ 
mately  1  volt  peak-to-peak  of  video 
across  90  ohms. 

It  is  necessary  to  blank  out  the 
vertical  retrace  on  the  iconoscope.  A 
pulse  is  taken  from  the  secondary  of 
the  vertical  output  transformer  and 
shaped  up  as  shown  in  Fig.  6.  Here 
Cl  Ri  determines  the  width  of  the 
pulse,  and  VTs  selects  only  the  pulse 
component  of  the  combined  pulse 
and  saw-tooth  waveform  taken  from 
the  secondary  of  the  output  trans¬ 
former.  Proper  amplitude  of  this 
pulse  is  fed  to  the  grid  of  the  icono¬ 
scope  to  cut  it  off  during  the  verti¬ 
cal  retrace  time. 

Two  selenium  rectifiers  in  this 
unit  furnish  d-c  voltage  for  the  head 
amplifier  filaments  and  for  horizontal 
and  vertical  centering.  Other  power 
supplies  consist  of  a  +  175-volt  regu¬ 
lated  supply,  a  —105-volt  supply  for 
bias,  and  a  -f  350- volt  filtered  supply 
for  deflection  output  stages. 

Camera  Control  Unit 

The  camera  control  unit  is  nor¬ 
mally  the  central  control  point  at 
which  all  the  operating  adjustments 
are  made  while  the  equipment  is  in 
operation.  This  unit  contains  a  pic¬ 
ture  monitor  using  a  6AP4  flat-face 
cathode-ray  tube  used  in  monitoring 
the  signal  after  it  has  been  mixed 
with  blanking  pulses,  and  a  two-inch 
oscilloscope  for  examining  either  a 
line  or  a  frame  of  the  picture  signal. 

The  block  diagram  of  the  camera 
control  unit  is  given  in  Fig.  7.  The 
video  amplifiers  consist  of  a  6AC7 
amplifier,  a  6AG7  amplifier,  and  a 
6V6  cathode  follower.  Blanking 
pulses  are  mixed  with  the  video  sig¬ 
nal  by  having  the  plate  of  the 
6AG7  video  amplifier  common  with 
the  plate  of  a  6V6  which  has  positive 
mixed  blanking  on  its  grid.  The 
black  level  is  controlled  by  changing 
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by  the  program  director.  He  selects 
the  picture  to  be  transmitted  from 
one  of  the  three  remote  monitor 
unitg^  which  display  the  signal  from 
the  camera  control  units  of  the  cam¬ 
era  chains. 

The  block  diagram  in  Fig.  10 
shows  the  various  components  of  the 
remote  monitor.  The  circuits  are 
identical  with  those  used  in  the  moni¬ 
toring  sections  of  the  camera  con¬ 
trol  and  master  control  units,  shown 
in  Fig.  7  and  11  respectively.  The 
video  amplifiers  consist  of  a  6AC7 
and  a  6AG7  amplifier.  These  ampli¬ 
fiers  are  designed  and  adjusted  so 
that  a  2-to-l  peak  in  the  frequency 
response  at  4.5  me  assures  good  defi¬ 
nition  of  the  picture  observed  on  the 
picture  tube.  -  The  output  -of  the 
6AG7  amplifier  's  directly  coupled  to 
the  grid  of  the  6AP4  picture  tube 
and  supplies  approximately  50  volts 
peak-to-peak  video  signal  to  modulate 
the  grid  of  the  picture  tube. 

The  deflection  circuits  of  this  unit 
are  designed  to  be  synchronized 


vertical  output 
transformer 


FIG.  6 — Vertical  blanking  circuit  for  camera 
auxiliary  unit 


S — Compensating  circuit  for  camera 
'  •auxiliary  unit 


the  bias  on  the  grid  of  the  6V6 
cathode  follower. 

The  horizontal  and  vertical  deflec¬ 
tion  circuits  for  the  iconoscope  in 
this  unit  consist  of  synchronizing 
amplifiers,  blocking  oscillators,  and 
discharge  tubes  which  supply  ap¬ 
proximately  2  volts  of  a  saw-tooth 
signal  across  90  ohms.  Both  ampli¬ 
tude  and  frequency  controls  to  regu¬ 
late  iconoscope  deflection  are  located 
in  this  unit. 

In  Fig.  8  is  the  keystoning  circuit 
used.  FTi  is  a  discharge  tube,  to  the 
grid  of  which  positive  horizontal 
pulses  are  fed.  FT,  has  a  vertical 
saw-tooth  applied  to  its  grid  so  that 
an  amplified  vertical  saw-tooth  ap¬ 
pears  across  its  plate  load,  Rt.  This 
modulates  the  amplitude  of  the  hori¬ 
zontal  saw-tooth  generated  in  the 
plate  circuit  of  VTu  The  keystone 
control  adjusts  the  amount  of  key¬ 
stoning  by  varying  the  amount  of 
vertical  saw-tooth  on  the  grid  of  VT,. 
VTs  amplifies  and  inverts  the  signal 
from  FT,,  while  FT,  injects  an  out- 
of-phase  vertical  saw-tooth,  its 
amount  adjusted  by  Rh.  The  output 
signal  is  a  balanced  keystoning  sig¬ 
nal. 

The  circuit  diagram  in  Fig.  9 
illustrates  the  method  of  obtaining 
shading  signals,  which  are  injected 
into  the  grid  of  the  first  amplifier 
stage  of  the  head  amplifier.  Hori¬ 
zontal  saw-tooth  voltages  of  equal 
amplitude,  but  of  opposite  polarity, 
are  impressed  across  72,.  This  saw¬ 
tooth  is  integrated  so  that  at  point  A 
a  parabola  is  developed,  the  polarity 
of  which  can  be  reversed  by  varying 

over  its  complete  range.  The  saw¬ 
tooth  is  taken  from  across  /?,  and 
passed  through  FT,,  then  mixed  with 
the  parabola  for  the  output  in  the 
cathode  of  FT,.  The  vertical  saw¬ 
tooth  and  parabola  are  obtained  in 


the  same  manner,  and  are  mixed  with 
the  horizontal  shading  to  make  up 
the  composite  signals  necessary  for 
shading  the  picture. 

Power  supplies  in  this  unit  consist 
of  a  -f  175-volt  regulated  supply,  a 
f  4, 000- volt  anode  supply  for  the  pic¬ 
ture  monitor,  and  a  —1,000-volt  sup¬ 
ply  for  the  two-inch  oscilloscope. 

Remote  Monitor 

Each  remote  monitor  is  observed 


Side  Tiew  of  remote  monitor,  one  of  the  luitcaie-type  television  control  units  developed 

by  Philco  engineers 
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FIG.  7 — Block  diagram  of  ccanero  control 
unit 


from  mixed  synchronizing  signals. 
The  vertical  deflection  circuit  con¬ 
sists  of  an  integrating  circuit  and  a 
synchronizing  amplifler,  the  plate  of 
which  is  common  with  the  plate  of  a 
blocking  oscillator  which  runs  at  ap¬ 
proximately  60  cps  (vertical  fre¬ 
quency)  when  running  free.  The 
vortical  saw-tooth  of  voltage  is 
formed  in  the  plate  circuit  of  the 
discharge  tube,  which  receives  a 
pulse  from  the  grid  of  the  blocking 
oscillator.  This  linear  saw-tooth  of 
voltage  drives  a  6G6  output  tube  with 
an  inductive  load  which  supplies  suf¬ 
ficient  amplitude  of  saw-tooth  cur¬ 
rent  to  the  deflection  yoke  to  deflect 
the  electron  beam  of  the  6AP4  pic¬ 
ture  tube. 

The  horizontal  deflection  circuit 
consists  of  a  differentiating  circuit, 
a  6SN7  synchronizing  amplifier,  and 
a  blocking  oscillator.  The  discharge 
stage  (6SN7)  supplies  sufficient  sig¬ 
nal  to  the  grid  of  the  output  stage, 
a  6V6.  A  6V5  damping  tube  across 
the  primary  of  the  horizontal  output 
transformer  damps  the  transient  fol¬ 
lowing  the  fly-back  of  the  horizontal 
saw-tooth.  The  output  of  these  stages 
supplies  a  saw-tooth  of  current  to 
the  deflection  yoke. 

Power  supplies  in  this  unit  con¬ 
sist  of  a  -4- 175- volt  regulated  supply 
and  a  -4-4,000-volt  anode  supply  for 
the  6AP4  picture  tube. 

Synchroniiing  Generator 

The  synchronizing  generator  sup¬ 
plies  the  FCC  standard  synchroniz¬ 
ing  and  blanking  signals,  which  are 


transmitted  with  the  picture.  The 
timing  unit  generates  a  31.5-kc  pulse 
and  a  60-cps  pulse  which  control  the 
horizontal  and  vertical  synchroniz¬ 
ing  and  blanking  signals  respec¬ 
tively.  It  also  ties  these  frequencies 
in  with  the  local  power  line  fre¬ 
quency.  A  blocking  oscillator  is  used 
as  a  master  oscillator,  which  runs  at 
approximately  31.5  kc  when  running 
free. 

To  obtain  a  60-cps  pulse,  four 
stages  of  dividers  are  used.  A  block¬ 
ing  oscillator  is  used  as  a  frequency 
divider  in  the  counter  circuits,  which 
divide  the  31.5-kc  pulse  down  in  steps 
of  7:1,  5:1,  5:1,  and  3:1  respectively. 
After  this  operation  is  completed,  the 
60-cps  pulse  thus  obtained  is  com¬ 
pared  to  the  power  line  frequency  by 
means  of  a  discriminator,  which 
changes  the  voltage  on  the  blocking 
oscillator  when  there  is  a  change 
in  line  frequency. 

The  31.5-kc  pulse  for  timing  is 
taken  from  the  master  oscillator. 
The  60-cps  pulse  for  timing  is  ob¬ 
tained  by  selecting  a  31.5-kc  pulse 
every  60th  of  a  second.  This  is  ac¬ 
complished  with  a  60-cps  keyer  tube, 
a  4,500-cycle  keyer,  and  then  a  gate 
tube.  The  60-cps  keyer  selects  a 
31.5-kc  pulse  from  the  master  oscil¬ 
lator.  This  process  tends  to  assure 
stability  and  proper  interlacing  of 
the  picture. 

The  shaping  unit  generates  the 
necessary  synchronizing  pulses  that 
make  up  the  standard  television 
mixed  synchronizing  signal.  It  also 
provides  separate  synchronizing  and 
blanking  pulses  which  are  necessary 
for  a  complete  television  system. 
These  signals  are  distributed  from 
the  shaping  unit  to  the  three  camera 
chains  by  means  of  cathode  follower 
stages. 

The  31.5-kc  pulse  received  from 
the  synchronizing  timing  unit  is 
divided  down  2:1  to  15.75  kc,  which 
is  the  horizontal  frequency.  This 
pulse  triggers  a  15.75-kc  multivibra¬ 
tor,  which  generates  the  horizontal 
blanking  pulse. 

The  60-cps  timing  pulse  also  trig¬ 
gers  a  multivibrator  which  generates 
the  vertical  blanking  pulse.  This 
pulse  is  mixed  with  the  horizontal 
blanking  pulse  to  form  the  mixed 
blanking  signal. 

A  pulse  is  taken  from  the  horizon¬ 
tal  blanking  multivibrator,  delayed, 
and  then  shaped  up  to  form  the  hori¬ 


zontal  synchronizing  pulse  for  tim¬ 
ing  the  camera  deflection.  An  arti¬ 
ficial  transmission  line  delays  this 
pulse  up  to  1.5  microseconds  to  syn¬ 
chronize  all  other  horizontal  circuits 
in  the  system. 

The  60-cps  timing  pulse  triggers 
multivibrators  which  supply  pulses 
of  proper  width  to  select  the  equaliz¬ 
ing  and  serrated  pulses  which  make 
up  the  vertical  block. 

Master  Control  Unit 

The  master  control  unit,  shown  in 
Fig.  11,  serves  as  the  mixing  and 
distribution  unit  for  three  camera 
chains.  The  video-frequency  ampli¬ 
fiers  in  this  unit  amplify  the  video 
signal  received  from  the  camera  con¬ 
trol  unit  and  combine  it  with  the 
mixed  synchronizing  signals  to  form 
the  composite  output.  This  combi¬ 
nation  or  mixing  is  done  in  the  plate 
circuit  of  the  video  and  synchroniz¬ 
ing  amplifiers.  These  amplifiers  are 
designed  to  supply  2  volts  peak-to- 
peak  video  signal  across  the  70-ohin 
cathode  load  of  a  6AG7  cathode  fol¬ 
lower.  This  is  the  composite  signal 
output. 

The  same  cathode  follower  also 


FIG.  8 — ^Keystoning  circuit  used  in  camera 
control  unit 


FIG.  9 — Horisontol  shading  circuit  for  com- 
era  control  unit 
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supplies  a  signal  for  both  sections  of 
a  6SN7  cathode  follower.  One  sec¬ 
tion  of  the  6SN7  supplies  the  signal 
for  the  video  amplifiers  of  the  6AP4 
picture  monitor  in  this  unit,  and  the 
other  section  supplies  video  for  the 
three-inch  oscilloscope  in  the  syn- 
chonizing  generator.  A  leveling 
diode,  tied  to  the  grid  of  the  6AG7 
cathode  follower,  holds  the  synchro¬ 
nizing  tips  to  ground  level  at  the 
output  point.  The  video  amplifiers 
are  provided  with  a  pushbutton 
switching  arrangement,  permitting 
selection  of  the  video  signal  from 
any  one  of  three  camera  control 
units.  Signal  lights  are  also  con¬ 
trolled  by  the  same  switch  to  indi¬ 
cate  to  the  operators  at  any  given 
camera  control  unit  and  camera  that 
the  picture  from  their  camera  chain 
is  on  the  air. 

Program  and  order  amplifiers  are 
included  in  the  master  control  unit. 
They  provide  a  two-way  interphone 
system  with  outlets  in  the  master 
control,  camera  control,  camera 
auxiliary,  and  camera  units.  Pro¬ 
vision  is  made  for  feeding  the  pro¬ 
gram  audio  into  these  amplifiers, 
thus  enabling  the  operators  to  hear 
both  program  and  order  informa¬ 
tion.  A  program  microphone  input 
to  these  amplifiers  is  also  provided, 
so  that  sound  can  be  picked  up  at 
any  desired  point. 

The  a-c  power  input  and  switching 
for  the  three  camera  chains  are  also 
in  the  master  control.  Mercury  re¬ 
lays  are  used  for  switching  power. 
The  filaments  and  plates  are  on 
separate  lines.  A  half-minute  time 
delay  switches  the  plate  power  on. 
Power  supplies  in  this  unit  consist 
of  a  -f  176-voIt  regulated  supply  and 


a  -t  4,000-volt  anode  supply  for  the 
6AP4  monitor. 

Monoscop* 

A  monoscope  unit  is  provided  for 
generating  a  test  pattern  when  such 
a  signal  is  desired.  A  camera  and 
camera  auxiliary  unit  may  be  re¬ 
placed  by  this  unit,  which  will  enable 
the  program  director  to  select  pic¬ 
ture  signals  from  either  of  two 
camera  chains  or  a  signal  test  pat¬ 
tern  from  the  monoscope. 

This  test  pattern  generator  util¬ 
izes  a  monoscope  tube  for  supply¬ 
ing  the  pattern,  which  is  printed  on 
an  aluminum  sheet  with  carbonized 
ink.  When  this  pattern  is  scanned 
by  a  high-velocity  electron  beam, 
the  difference  in  the  secondary  emis¬ 
sion  of  the  carbonized  ink  and  the 
aluminum  produces  a  video  signal 
across  a  load  resistor  which  is  con¬ 
nected  to  this  signal  plate. 

Due  to  the  high  signal  output  of 
the  monoscope,  only  two  stages  of 
amplification  are  necessary  in  this 
unit.  These  amplifiers  consist  of 
two  6AK5  tubes,  each  using  shunt 
peaking  in  the  plate  circuit.  A  6J6 
cathode  follower  supplies  video  sig¬ 
nal  to  a  90-ohm  coaxial  cable  which 
carries  the  signal  to  the  line  mixing 
amplifiers  in  the  camera  control  unit. 

Deflection  for  the  monoscope  is 
accomplished  in  the  same  manner  as 
for  the  iconoscope.  Since  the  block¬ 
ing  oscillators  and  discharge  circuits 
are  in  the  camera  control  unit,  only 
deflection  amplifiers  and  output 
stages  are  needed  in  this  monoscope 
unit.  The  vertical  deflection  circuits 
consist  of  one  section  of  a  6SN7 
amplifier  and  two  sections  of  a  6SN7 
in  parallel  for  the  output  stage.  The 


FIG.  11 — Block  diagram  of  master  control 


horizontal  deflection  circuits  consist 
of  one  section  of  a  6SN7  as  an  ampli¬ 
fier,  a  6L6  output  stage,  and  a  6X5 
diode  as  a  damping  tube  across  the 
primary  of  the  horizontal  output 
transformer. 

Power  supplies  in  this  unit  con¬ 
sist  of  a  -M75-volt  regulated  supply, 
a  +350- volt  filtered  supply,  a 

—  1,000-volt  anode  supply,  and  a 

—  105-volt  supply  for  bias. 

The  monoscope  unit  is  of  the  same 
physical  size  and  weight  as  the 
camera  auxiliary  unit. 

Conclasions 

The  performance  of  this  new  lights 
weight  equipment  has  been  satisfac¬ 
tory.  Under  normal  lighting  condi¬ 
tions,  it  is  possible  to  obtain  excel¬ 
lent  resolution  from  the  system. 
Field  tests  have  proved  that  the 
equipment  can  be  operated  in  loca¬ 
tions  where  there  is  a  large  amount 
of  electrical  disturbance  without 
having  any  of  it  appear  in  the  pic¬ 
ture.  The  performance  of  this 
equipment  during  the  past  football 
season  has  indicated  that*  it  will  be 
particularly  valuable  for  remote 
pickup  telecasts.  Under  good  light¬ 
ing  conditions,  the  quality  of  the 
picture  obtained  from  this  equip¬ 
ment  has  been  far  superior  to  that 
obtained  from  an  orthicon  chain 
under  the  same  conditions.  A  pic¬ 
ture  of  commercial  quality  has  also 
been  televised  with  the  new  video 
equipment,  even  when  handicapped 
by  poor  lighting.  Perhaps  an 
equally  important  advantage  is  that 
this  entire  system  can  be  set  up, 
cabled,  and  put  in  operation  within 
a  few  minutes. 


MIXED  SYNC 


FIG.  10 — Block  diagram  ol  monitor  unit  ' 
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Nonlinear  Circuit 


Regulators  for  direct  or  alterating  current  can  be  built  by  using  nonlinear  elements. 
Contact  rectifiers  have  characteristics  that  are  suitable  for  use  in  logarithmic  voltmeters  and 
ratio  meters  having  a  linear  decibel  scale.  Characteristics  and  design  requirements  are  given 

By  HEINZ  E.  KALLMANN 

Consultant 
Xeto  York,  N.  Y. 


Nonlinear  circuit  elements  can 
be  advantageously  used  in  a 
variety  of  ways.  Nonlinear  lattice 
networks  and  other  simple  bridge 
circuits  can  supply  power  with  good 
regulation  for  large  changes  of  in¬ 
put  voltage.  They  consist  only  of  or¬ 
dinary  resistances  and  nonlinear  re¬ 
sistances,  are  suitable  for  any  current 
and  voltage,  are  independent  of  fre¬ 
quency  and  are  therefore  suitable  in 
test  equipment.  They  are  particu¬ 
larly  useful  for  regulation  of  large 
currents  at  low  voltages,  such  as  in 
heater  circuits,  where  tube  regulat¬ 
ors  are  impractical,  but  they  consume 
relatively  large  power. 

An  absolute  reference  level  can  be 
established  for  power  supply  regula¬ 
tion  by  comparing  nonlinear  resis¬ 
tances  with  constant  resistances.  A 
bridge  built  with  two  nonlinear  re¬ 
sistors  and  two  constant  resistors, 
and  fed  from  the  output  of  a  power 
supply  that  is  to  be  regulated  de¬ 
velops  a  strong  control  voltage  at  any 
desired  voltage  level,  and  consumes 
less  current  and  space  than  the  usual 
gas  discharge  tube  circuit. 

A  current  flowing  through  a  cop¬ 
per-oxide  or  germanium  crystal  rec¬ 
tifier  produces  a  voltage  that  is 
closely  proportional  to  the  logarithm 
of  the  current  over  a  substantial 
range  of  the  rectifier’s  forward  char¬ 
acteristic.  If  both  source  and  load 
impedances  of  a  logarithmic  voltage 
divider  are  high,  the  errors  are  low. 
A  logarithmic  bridge  circuit  can  be 
designed  to  have  small  errors  despite 
moderate  source  and  load  imped¬ 
ances,  and,  in  addition,  to  present 
substantially  constant  input  and  out¬ 
put  impedances. 

These  networks  may  be  considered 


as  bridges  composed  solely  of  ordi¬ 
nary  resistances  (obeying  Ohm’s 
Law)  and  nonlinear  resistances 
whose  conductivity  rises  with  the 
applied  voltage.  There  are  several 
types  of  nonlinear  resistances. 

Nonlinear  Resistors 

In  Thyrite,  a  resistance  material 
comprising  silicon  carbide,  current 
i  rises  with  applied  voltage  e  accord¬ 
ing  to  i  =  (T,e",  where  <ti  is  conduc¬ 
tivity  in  amperes  at  one  volt,  and  n 
is  an  exponent  of  the  order  of  four. 
This  material  can,  by  choice  of  ai  and 
dimensions,  be  adapted  to  voltages 
from  0.1  volt  to  many  kilovolts  and 
to  currents  from  microamperes  to 
amperes.  Change  in  conductivity  is 
instantaneous,  irrespective  of  polar¬ 
ity,  peak  amplitude,  or  frequency  of 
the  applied  potential.  The  current 
through  these  units,  for  constant 
voltage,  rises  about  one  percent  for 
each  degree  Fahrenheit  increase  in 
ambient  temperature. 

Thyrite  may  be  imagined  as  a 
composition  resistor,  which  it  closely 
resembles,  incorporating  a  multitude 
of  minute  spark  gaps ;  the  higher  the 
potential  gradient,  the  more  of  these 
gaps  break  down  and  conduct.  Stray 
capacitances  are  negligible  until  far 
above  the  audio  frequency  range. 

Rectifiers,  tubes  or  metal  contacts, 
single  for  d-c  or  in  biased  two-way 
pairs  for  a-c,  have  nonlinear  charac¬ 
teristics.  Like  Thyrite  they  respond 
instantaneously  to  voltage  changes. 

Temperature-sensitive  resistances, 
such  as  iron-hydrogen  ballast  tubes 
and  Thermistors,  vary  in  resistance 
if  the  power  dissipated  in  them 
changes,  but,  because  of  their  ther¬ 
mal  capacity,  are  slow  in  response. 


FIG.  1 — Basic  lattice  network  (A)  in  which 
nonlinear  resistors  are  used  is  a  bridge 
circuit  (B).  Its  characteristic  (C)  shows 
output  Yoltage  reversing  with  increasing 
input  voltage 

The  basic  lattice  regulator  net¬ 
work  in  which  nonlinear  resistances 
are  used  is  shown  in  Fig.  lA  and  is 
redrawn  as  a  bridge  in  Fig.  IB.  It 
has,  in  opposite  arms,  two  ordinary 
resistances  Ri  and  R^,  and  two  non¬ 
linear  resistances,  such  as  Thyrite, 
Rn  and  R*.  The  output  voltage  on 
the  load  resistance  R^  is  an  S-shaped 
function  of  the  input  voltage  Eo.  For 
very  small  Eof  Ra  and  Rt  will  be  very 
large  resistances  compared  with  R, 
and  Ral  thus  Es  will  rise  initially  as 
if  across  a  voltage  divider  formed  by 
J?i,  Rr,  and  Ra.  For  very  large  Eot  R* 
and  Ra  will  become  very  small  com¬ 
pared  with  R,  and  Ra ;  Ea  will  reverse 


This  paper  is  based  on  work  done  for  tb« 
OflBce  of  Scientific  Research  and  Deveiopment 
under  contract  OEMsr-262  with  the  Radia¬ 
tion  Laboratory,  Massachusetts  Institute  of 
Technology. 


136 


Aiigutf,  1946  —  ELECTRONICS 


lement  Applications 


its  polarity  and  rise  as  Ori  a  voltage 
divider  formed  by  Rz,  Rz,  and  i2*.  The 
bridge  will  balance  (Et.  =  0)  at  a 
certain  intermediate  potential  re¬ 
gardless  of  the  value  of  the  load 
resistance  R:..  (An  application  where 
this  potential  is  used  as  a  reference 
voltage  will  be  discussed  later.) 

Assuming  for  simplicity  that  Ri  = 
R.,  and  Rz  =  Ri,  a  typical  character¬ 
istic  of  such  a  Thyrite  bridge  is 
shown  in  Fig.  1C.  The  flat  regions 
around  Eo  =  ±  ^  volts  can  be  used 
for  regulation.  A  model  of  a  simple 
power  supply  was  built  according 
to  the  circuit  diagram  of  Fig.  2A. 
The  nonlinear  resistors  Ra  and  Ri  are 
Thyrite  units  Ti  and  To.  Figure  2B 
shows  the  measured  over-all  regula¬ 
tion  when  this  unit  is  fed  from  the 
60-cps  line.  Output  voltage  El  across 
a  load  of  0.1  megohm  stays  within 
plus  or  minus  5  percent  for  an  input 
voltage  Ep  varying  between  104  and 
130  volts.  However,  the  regulation 
for  varying  load  current  is  poor,  the 
output  voltage  dropping  steadily  with 


FIG.  2 — Nonlinear  bridge  elements  regu¬ 
late  rectiiier  (A),  giring  characteristics 
(B)  and  (C) 


increased  load  current,  as  shown  in 
Fig.  2C.  In  the  model  tested,  this 
drop  corresponds  to  a  source  im¬ 
pedance  Ri  of  about  12,000  ohms, 
equal  to  that  of  each  series  resist¬ 
ance. 

Typical  data,  upon  which  to  base 
design  estimates,  are 

R^  =  R, 

Rz  =  Ri 

0.55  E„ 

E iti  ^  \/BEitz 

Ri  ~  Ri 

where  Elo  is  the  open  load  voltage. 
For  these  conditions,  the  bridge  cir¬ 
cuit  then  delivers  to  the  load  one 
quarter,  or  less,  of  the  energy  fed  to 
it,  dissipating  the  balance. 

Simplified  Regulator 

If  a  nonlinear  element  is  used  in 
only  one  bridge  arm,  the  bridge  cir¬ 
cuit  is  less  efficient,  yet  still  useful. 
One  of  the  two  nonlinear  resistances 
is  replaced  by  an  ordinary  one  Ri, 
as  in  Fig.  3A  and  3B.  The  larger  this 
resistance,  the  more  retarded  is  the 
drop  in  output  voltage.  Figure  3C 
shows  some  curves  measured  at  60 
cps  with  a  rectifier-type  a-c  volt¬ 
meter. 

Regulation  of  alternating  current 
by  means  of  a  nonlinear  bridge  de¬ 
pends  on  whether  the  nonlinear  ele¬ 
ments  are  responding  slowly,  as  do 
Thermistors,  or  instantaneously  as 
does  Thyrite.  With  the  former,  reg¬ 
ulation  of  a-c  is  substantially  the 
same  as  for  d-c ;  with  the  latter,  how¬ 
ever,  the  output-input  relation  dif¬ 
fers  somewhat  from  that  of  d-c  de¬ 
pending  on  the  w'aveform  of  the  in¬ 
put  voltage.  Only  in  the  case  of  a 
square-wave  input  has  the  output  of 
a  nonlinear  device  the  same  wave¬ 
form  as  the  input  and  can  be  com¬ 
puted  as  for  a  direct  current  of  the 
same  magnitude.  All  other  wave¬ 
forms  emerge  distorted,  the  more  so 
the  less  they  approximate  a  square 
wave.  For  example,  due  to  the  lim¬ 
iter  action  of  the  regulator  circuit. 


FIG.  3 — Bridge  circuit  can  be  used  to 
regulate  alternating  voltage.  Choice  oi 
resistance  in  arm  opposite  nonlinear  re¬ 
sistance  determines  the  turnover  voltage 
of  the  regulator 


sine  waves  emerge  with  flattened,  or 
even  indented  peaks.  The  regula¬ 
tion,  though  much  more  difficult  to 
compute,  is  for  a-c  at  least  as  good  as 
for  d-c.  The  curves  of  Fig.  3C  are 
thus  similar  to,  but  not  strictly  com¬ 
parable  with,  those  in  Fig.  1C  and 
2B. 

It  is  evident  from  Fig.  3B  that  the 
resistances  Ri  and  Ri,  acting  as  volt¬ 
age  divider,  might  profitably  be  re¬ 
placed  by  a  tap  on  the  source  of  input 
voltage.  This  can,  for  a-c,  be  a  tap 
on  a  transformer  winding  as  shown 
in  Fig.  4A.  In  it,  the  branch  R,  is 
represented  by  the  Thyrite  unit  and 
the  series  resistance  Rs  such  as  in  the 
transformer  winding,  and  the  branch 
/?2  by  a  resistance  of  20  ohms.  The 
output  voltage  E^  is  developed  across 
a  load  resistance  Rz  of  20  ohms.  Fig¬ 
ure  4B  shows  computed  plots  of  the 
instantaneous  values  of  E^  versus  Eo, 
strictly  applicable  to  the  regulation 
of  square  waves,  and  of  d-c  from  a 
balanced  source. 

The  formulas  from  which  the 
curves  of  Fig.  4B  were  calculated  are 
simple  but  not  handy.  The  result  de¬ 
pends  considerably  on  the  exact  value 
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triode.  The  background  is  suppressed 
by  biasing  the  tube  beyond  cut-off; 
thus  a  clean  pair  of  round  pulses  apn 
pears  on  the  cathode  resistance  Rc 
and,  in  opposite  sense,  on  the  anode 
resistance  R^.  The  main  signal  is 
fed  to  the  output  from  the  cathode 
via  a  large  insulating  capacitor  and 
a  small  series  resistance  Rs.  The 
anode  is  connected  to  the  output  via 
a  diode  which  is  biased  so  far,  by 
means  of  a  potentiometer  Ry,  as  to 
conduct  only  during  the  peak  of  the 
pulse.  The  round  peak  of  the  pulse 
thus  reaches  the  output  with  opposite 
phase  from  both  cathode  and  anode 
and  may  be  exactly  cancelled  by  ad¬ 
justing  Rs  to  equal  the  residual  re¬ 
sistance  of  the  diode  while  conduct¬ 
ing.  This  resistance  is  usually  a  few 
hundred  ohms.  The  output  pulse  then 
has  the  shape  of  the  solid  line;  mal¬ 
adjustment  of  Rs  will  result  in  un¬ 
der  or  over  compensation  as  shown 
in  broken  lines.  • 


voltage  divider  consisting  of  a  series 
resistance  R  and  a  bridge  of  four 
nonlinear  resistances.  The  latter  can 
be  four  Thyrite  units,  one  slab  with 
terminals  in  four  corners,  or  a  ring 
with  four  terminals. 

The  output  voltage  across  such  a 
Thyrite  bridge  will  rise  less  than 
linearly  with  the  input  voltage  due 
to  the  progressively  rising  shunt  con¬ 
ductance  offered  by  the  bridge.  This 
slight  regulation  of  the  output  volt¬ 
age  is  greatly  increased  by  an  auxil¬ 
iary  control  current  fed  across  the 
bridge  from  an  auxiliary  source,  in 
this  case  on  additional  transformer 
winding.  ’  Any  current  passing 
through  Thyrite  increases  its  conduc¬ 
tivity  in  all  directions.  The  current 
drawn  from  the  auxiliary  winding 
may  be  much  larger  than  even  the 
whole  current  through  R,  and  the 
conductance  of  the  Thyrite  shunt  can 
thus  be  controlled  to  any  desired  de¬ 
gree,  with  only  slight  coupling  be¬ 
tween  the  two  currents  if  they  are 
from  different  sources. 

Figure  6B  is  a  variant  of  6A  using 
input  voltage  to  the  transformer  as 
the  auxiliary  source.  Figure  6C  is 
another  variant,  using  a  center- 
tapped  auxiliary  winding  and  thus 
eliminating  two  of  the  four  non¬ 
linear  bridge  arms  without  change 
in  performance.  Figure  6D  shows  a 
combination  of  both  these  modifica- 


FIG.  4 — Circuit  of  Fig.  3A  con  be  modi¬ 
fied  (A)  to  give  regulating  characterietics 
(B)  which  were  theoretically  determined 


Controlled  Regnlator 

Another  type  of  regulator  circuit 
is  based  on  the  control  of  a  nonlinear 
shunt  resistance  by  an  auxiliary 
source  of  unregulated  power.  It  is 
thus  possible  to  control  one  d-c  by  an¬ 
other,  one  a-c  by  another,  or  d-c  by 
a-c,  a-c  by  d-c,  or  each  by  itself.  Fig¬ 
ure  6A  serves  as  an  example.  Input 
voltage  is  fed  via  a  transformer  to  a 


FIG.  5 — At  high  frequencies,  the  nonlinear 
resistor  of  Fig.  3A  is  replaced  by  a  diode 
in  this  pulse  limiter  circuit 


of  n  and  is  thus  only  qualitatively 
reliable 


Et  <tE  Et^ 

-  ,C  Er  (Ti  D  Et’* 

+  R^)nRt  +  2Rs) 

{RiRa  "1“  RiRs  RaRi)/ {Ri  -f-  iRi) 

RJ{Ri  +  2R0 

{RaRb  —  RiRb)/iRt  +  2^5) 

4;'o-  =  4.10”®;  Rt  =  Rb  —  20  ohms: 
Rs  —  10  to  20  ohms 


thyrite: 

80  MA  /tr  50V 

- 

thyrite: 

80  MA  AT  50V 


False  Limiter 

If  frequencies  of  the  order  of  meg¬ 
acycles  are  involved,  both  trans¬ 
former  and  Thyrite  become  imprac¬ 
ticable,  but  the  basic  nonlinear  cir¬ 
cuit  remains  the  same.  Instead  of  a 
center-tapped  transformer  winding, 
a  tube  circuit  may  be  used  as  a  bal¬ 
anced  source,  with  the  load  evenly 
split  between  cathode  and  anode  cir¬ 
cuit.  The  nonlinear  element  is  a 
diode  tube. 

Such  a  circuit  is  suitable  for  sig¬ 
nal  limiting,  as  shown  for  a  pulse 
limiter  in  Fig.  5.  •  A  round-topped 
pulse  nnd  background  noise  are  fed 
to  the  grid  of  a  tube,  in  this  case  a 


Ep  m  RMS  VOLTS  ^ 


FIG.  6 — Voltage  to  be  regulated  con  be  Toriously  used  (A,  B.  C)  to  control  the 
nonlinear  regulator  circuit.  A  practical  modification  (D)  gires  nearly  flat  regulation 
r  (E)  over 'a  two  to  one  input  range  of  Toltage 
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tions,  using  a  center-tapped  primary 
as  the  auxiliary  winding;  its  per¬ 
formance  was  measured  at  60  cps 
with  the  values  of  the  components  as 
noted.  The  result  is  plotted  in  Fig. 
6E.  Regulation  for  a  range  of  two 
to  one  in  input  voltage  can  be  made 
flat  by  slight  adjustment  in  any  re¬ 
sistance. 


trol  circuit,  all  four  resistances  may 
be  made  as  high  as  the  load  imped¬ 
ance  permits,  thus  saving  current 
and  power. 

The  desired  voltage  is  defined  as 
that  which  balances  a  preset  Thyrite 
bridge,  or  more  precisely,  as  that 
Eis  which  makes  the  bridge  yield 
a  certain  small  control  voltage  Eopt- 
The  latter  is  applied  to  grid  and  cath¬ 
ode  of  the  control  voltage  amplifier 
tube  with  such  polarity  as  to  mini¬ 
mize  the  variations  of  the  regulated 
voltage  E,x  of  the  Thyrite  bridge. 

Figure  8  is  the  diagram  of  a  typi¬ 
cal  regulated  rectifier  circuit  consist¬ 
ing  of  a  full-wave  rectifier  and  filter 
followed  by  a  series  low-impedance 
triode  regulator  and  an  amplifier 
pentode.  The  regulated  voltage  is 
that  from  the  cathode  of  the  series 
tube  to  ground;  it  is  fed  to  the  posi¬ 
tive  output  terminal.  The  voltage 
across  the  output  terminals  serves  as 
Eis  for  the  Thyrite  bridge  composed 
of  the  resistors  and  Rs,  and  the 
Thyrite  units  Vi  and  V*,  as  illus¬ 
trated  in  Fig.  7B,  and  shown  in  the 
Ri/Vi  and  Rt/V^;  it  retains  its  shape  regulator  of  Fig.  8.  Either  /?,  or  R., 

for  i2,  ^  R^.  The  input  voltage  re-  can  be  adjusted  until  the  bridge  is 

quired  for  bridge  balance,  as  well  as  approximately  balanced  at  the  de- 
for  any  desired  small  output  voltage,  sired  regulated  voltage  En.  Then  an 
can  thus  be  controlled  by  varying  increase  of  this  voltage  would  in- 

either  R,  or  When  used  in  a  con-  crease  the  bridge  voltage  Eorr  fed 


Bridge-Controilttd  Tub*  Regulator 


Voltage  regulator  circuits,  as  com¬ 
monly  used  in  power  supplies,  com¬ 
prise  three  parts  whose  functions  are 
(1)  to  establish  a  standard  reference 
voltage;  (2)  to  compare  a  part  of  the 
regulated  voltage  with  this  standard 
and  to  amplify  any  voltage  differ¬ 
ence;  (3)  to  control,  by  means  of  this 
amplified  voltage  difference,  the  volt¬ 
age  drop  in  a  series  element  inserted 
between  raw  and  regulated  voltages 
so  as  to  minimize  changes  in  the  lat¬ 
ter.  The  second  and  third  functions 
are  commonly  performed  by  ampli¬ 
fier  tubes.  The  first  function  is  per¬ 
formed  either  by  a  battery  or,  more 
commonly,  by  a  gas  discharge  tube 
such  as  the  regulator  types  VR  105 
or  VR  150.  In  the  simplified  regu¬ 
lator  circuit,  the  same  source  of  raw 
voltage  is  used,  as  well  as  the  usual 
t>T)e  of  control  voltage  amplifier  and 
series  tube.  But  the  source  of  stand¬ 
ard  reference  voltage  is  eliminated; 
it  is  replaced  by  a  nonlinear  bridge 
composed  of  two  ordinary  resistances 
and  two  nonlinear  resistances  such 
as  Thyrite,  as  shown  in  Fig.  7A. 

As  has  been  previously  explained 
in  connection  with  Fig.  1,  the  output- 
input  characteristic  of  such  a  bridge 
is  S-shaped,  as  plotted  in  the  ob¬ 
served  characteristic  Fig.  7C. 

The  broken  diagonal  lines  repre¬ 
sent  the  cases  of  Eovt  =  Eis,  and 
—Eis,  approached  respectively 
for  very  large  and  for  very  small  in¬ 
put  voltages.  The  output  voltage  in 
this  example  changes  sign  at  an  in¬ 
put  voltage  of  ±283  volts.  The  shape 
of  this  characteristic  remains  and 
only  the  voltage  scale  changes  when 
the  values  of  i2,  and  R^  are  chosen 
differently ;  the  larger  /?,  and  R^,  the 
lower  the  potential  at  which  given 
units  of  Thyrite  equal  them,  and  thus 
the  lower  the  input  voltages  at  which 
the  bridge  is  balanced.  With  neglig¬ 
ible  load  to  the  bridge,  the  character¬ 
istic  depends  only  on  the  two  ratios 


tKEpur) 


FIG.  7 — Basic  bridge  circuit  (A)  is  used 
to  develop  the  control  Toltage  ior  a  power 
supply  regulator  (B).  Instead  of  using 
bridge  at  the  point  on  its  characteristic 
of  constant  output.  Fig.  1C.  it  is  used  at 
the  point  of  changing  polarity  (C) 
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FIG.  8 — Regulated  power  supply  uses  nonlinear  resistances  in  place  of  gas  tube 

to  deTelop  control  Toltage 
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to  the  amplifier  pentode,  making  its 
grid  less  negative  relative  to  its  cath¬ 
ode.  This  causes- an  increase  in  its 
plate  current,  in  the  voltage  drop  on 
the  load  resistor  Rs,  and  in  the  bias 
on  the  series  regulator  triode.  Re¬ 
ducing  the  current  through  the  lat¬ 
ter  then  counteracts  the  initially  as¬ 
sumed  rise  in  the  regulated  voltage. 

The  point  at  which  the  bridge  can 
be  used,  marked  on  Fig.  7C,  yields 
approximately  minus  two  volts  as 
the  average  control  voltage  on  the 
amplifier  grid.  The  slope  of  the  curve 
at  that  point  is  approximately  six- 
tenths  and  the  efficiency  of  a  Thyrite 
bridge  is  thus  approximately  six- 
tenths  of  the  maximum  possible  value 
of  unity.  As  in  other  control  cir¬ 
cuits,  the  proportion  can,  for  fast 
changes,  be  raised  to  nearly  unity  by 
the  addition  of  by-pass  capacitors, 
shown  as  C*  and  C*  in  Fig.  8. 

The  screen  grid  of  the  voltage  am¬ 
plifier  can  be  used  for  additional  con¬ 
trol  by  returning  it  to  a  preset  high- 
impedance  voltage  divider  R^,  con¬ 
nected  between  raw  and  regulated 
voltages.  The  larger  the  proportion 
of  raw  voltage  that  is  fed  to  the 
screen,  the  more  changes  of  line  volt¬ 
age,  and  the  ripple  are  compensated 
or  overcompensated. 

Component  values  tried  with  a  load 
current  of  30  milliamperes  are  noted 
in  Fig.  8.  The  output  voltage  rose  or 
sank,  or  was  constant,  according  to 
adjustment  of  R^,  with  change  of  line 
voltages  between  90  volts  and  140 
volts,  and  between  even  wider  limits 
with  lower  load  current.  The  aver¬ 
age  plate  current  of  the  amplifier 
tube  was  four  microamperes,  yield¬ 
ing  an  average  bias  voltage  of  minus 
20  volts  at  the  grid  of  the  series  tube. 
This  current  is  so  small  that  its  ef¬ 
fect  on  Va  in  the  Thyrite  bridge  can 
be  neglected.  The  bridge  was  built 
with  Thyrite  units  resembling  one 
watt  composition  resistors,  each 
passing  0.4  ma  at  101  volts.  The  reg¬ 
ulated  output  was  200  volts. 

Logarithmic  impedance  Characteristics 

Of  particular  interest  are  those 
nonlinear  circuit  elements  whose  re¬ 
sistance  varies  with  applied  voltage 
in  accordance  with  a  logarithmic  law. 
It  has  been  observed  that  the  im¬ 
pedance  of  certain  metal  contact  rec¬ 
tifiers  follows  the  law  e  =  r  log  i  over 
a  substantial  range  of  their  forward 


characteristics.  Copper-oxide  recti¬ 
fiers  follow  that  law  consistently  for 
a  current  range  of  1 :50  above  a  po¬ 
tential  of  about  0.070  volt  per  con¬ 
tact  layer.  Certain  microwave  mixer- 
type  germanium  contacts  follow  the 
logarithmic  law  through  a  current 
range  of  at  least  five  decades,  from 
the  lowest  measured  ‘  value  of  one 
microampere  (with  0.16  volt)  to 
about  ten  milliamperes  (0.50  volt)  in 
any  circuit,  and  up  to  about  0.25 
ampere  if  the  then  appreciable  cur¬ 
rent-proportional  voltage  drop  within 
the  semiconductor  is  cancelled. 

Logarithmic  distortion  can  be  ap¬ 
plied  to  any  desired  range  of  input 
currents,  or  voltages,  provided  only 
that  the  circuit  is  proportioned  to 
produce  the  proper  current  density, 
and  therefore  the  proper  voltage 
drop  at  the  rectifier.  Thus,  assum¬ 
ing  0.15  volt  as  the  design  center  for 
one  layer  of  copper-oxide  rectifier, 
larger  average  output  voltages  re¬ 
quire  a  proportionally  larger  number 


FIG.  9 — To  doTolop  a  logarithmic  indica¬ 
tion  oi  the  oppUed  potential,  o  potentio¬ 
meter  (A)  or  bridge  (B)  circidt  can  be 
used.  The  bridge  has  characteristics 
shown  at  (C) 


of  contacts  in  series.  The  area  of  the 
contacts  is  then  so  chosen  that  the 
design-center  input  current  pro¬ 
duces  a  voltage  drop  of  0.i5  volt  on 
each  layer.  Using  germanium  con¬ 
tacts  may  not  always  be  convenient 
because  larger  currents  require  many 
contacts  in  parallel. 

Logarithmic  Potentiomotor 

The  simplest  electrical  circuit  for 
obtaining  logarithmic  distortion  is 
the  voltage  divider  shown  in  Fig.  9A. 
The  output  of  this  voltage  divider  is 
strictly  logarithmic  only  if:  (1)  the 
ohmic  resistance  Ri  within  the  rec¬ 
tifier  is  negligible  compared  with  the 
logarithmic  contact  resistance  Z; 

(2)  if  the  source,  or  series,  resis¬ 
tance  Ri,  is  large  compared  with  Z; 

(3)  if  the  load,  or  meter,  resistance 
Rm  is  large  compared  with  Z.  The 
error  due  to  Ri  is  noticeable  only  for 
relatively  large  input  currents;  the 
errors  due  to  finite  R^,  and  Rn  both 
tend  to  reduce  the  meter  current  /„ 
in  the  region  of  small  input  currents, 
when  Z  is  growing  large.  Neglecting 
the  influence  of  Ri,  the  output-to- 
input  relation  of  the  voltage  divider 
is  given  by 

Im  ^ _ Z _ 

Eo  RsRm  -|-  Z{Rs  “h  Ry) 

From  this  equation  it  follows  that 

(1)  Rh  and  Rm  are  of  equal  influence; 

(2)  the  error  a  by  which  the  meter 
current  ly  drops  below  the  desired 
law  is  a  =:  Z{Rs  -f  Ry) /RsRy  This 
latter  equation  permits  us  to  com¬ 
pute  how  high  the  value  of  Z/R^  can 
rise  for  any  given  error  a  and  for 
any  value  of  Ry/Rs.  Let  it  be  as¬ 
sumed  that  the  error  a  should  not  ex¬ 
ceed  minus  ten  percent.  The  broken 
line  in  Fig.  lOA  then  shows  the  up¬ 
per  limit  for  the  value  of  Z/Ra  as  a 
function  of  Ry/Rs.  It  is  seen  that  the 
lower  the  meter  resistance  Ry,  the 
more  severe  are  the  limitations  in  the 
ratio  Z/Ra.  The  important  conse¬ 
quence  of  this  limitation  is  that  it 
raises  the  minimum  input  voltage 
Eovis  that  is  required  in  order  to 
produce  Eg  min,  the  lowest  usable  po¬ 
tential  drop  on  the  rectifier  contact. 
This  potential  is  found  from 

Eo  .  ZRb  ■+■  RuRa 

Ex  “  ^  ZR^ 

The  lowest  value  of  Eo/Eg  is  that 
where  the  error  in  ly  is  just  a;  thus, 
setting  Ry/Ra  =  K,  we  have 
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FIG.  10 — (A)  Design  values  for  an  error  oi  less  than  ten  percent  must  lie  below  the 
appropriate  curve.  Minimum  input  voltage  requirements  for  ten  percent  or  less 
error  are  shown  at  (B).  Voltage  divider  and  bridge  circuits  for  which  curves  were 
determined  are  shown  in  Figs  9A  ond  9B 


(Eq  \  ^  (1  +  K)  (1  -H  a)  ience,  symmetry  will  be  assumed, 

Ex  /min  a  A'  with  =  /?*;  Ri  =  Rt;  Z»  =  Z^. 

The  minimum  input  voltage  for  a  Nonlinear  bridges  of  this  type  are 
maximum  error  a  of  ten  percent  is  known  to  have  an  output-input  char- 

plotted  as  a  function  of  K  =  Rm/Rs  acteristic  as  plotted  in  Fig.  9C  for 

as  the  broken  line  in  Fig.  lOB.  Be-  negligible  load  current  (Rm^x).  All 

cause  for  one  layer  of  copper-oxide  curves  were  plotted  with  Ri  =  R^  — 

rectifier,  Ex  min  is  about  0.070  volt,  100  ohms,  Z,  =  Z,  are  each  two  layers 

it  follows  that,  for  example  for  K  =1,  of  0.85  square  inch  copper-oxide 

the  minimum  input  voltage  Eouis  rectifiers  in  series,  and  with  values 

becomes  22  x  0.07  =  1.54  volts ;  but  of  R»  =  R,  varied  from  zero  to  100 

for  a  low  meter  resistance,  K  -  0.1,  ohms  as  indicated.  The  larger  these 

Eomis  for  a  =  10%  rises  to  121  x  resistances,  which  are  in  series  with 

0.07  =  8.5  volts.  file  rectifier  contacts,  the  higher  the 

input  voltage  at  which  the  bridge 
Logorltkmie  SrKIf.  balances  (£.  =  0). 

An  alternative  circuit  for  loga-  In  particular,  when  /?,  =  =  Ra 
rithmic  distortion  is  the  bridge  cir-  =  i?*  =  i?,  the  output  voltage  Em  no 
cuit  shown  in  Fig.  9B.  For  conven-  longer  reverses.  It  then  presents  an 


exact  replica  of  the  voltage  E,  on 
the  copper-oxide  rectifiers,  rising 
logarithmically  with  rising  bridge 
input.  This  result  will  be  seen  more 
clearly  if  the  curve  Ra  =  i?*  =  100  is 
replotted  on  a  semilogarithmic  scale 
as  in  Fig.  11.  The  straight  line  thus 
obtained  indicates  a  strictly  loga¬ 
rithmic  relation  over  an  input  range 
of  34  db. 

An  evident  merit  of  the  bridge 
circuit  is  that  the  residual  resistivity 
Rt  of  the  contacts  can  be  allowed  for 
in  the  adjustment  of  the  resistances 
Ra  and  i?,.  Proper  adjustment  of 
initial  bridge  balance  will  thus  be 
indicated  by  the  least  deviation, 
either  way,  from  the  straight,  solid 
line  in  Fig.  lOA,  at  the  high-current 
end  of  the  usable  range. 

As  in  the  voltage  divider  circuit, 
the  output  of  the  bridge  circuit  de¬ 
parts  from  the  desired  law  at  the 
low-current  end  of  the  range  when 
Z  becomes  comparable  to  R.  The  re¬ 
lation  between  meter  current  Im  and 
input  voltage  Eo  is  given  by 

I M  Z 

Eq  2i{‘  -f-  -j-  Z(2A  T  Hm) 

It  follows  from  this  equation  that 
the  meter  current  Im  will  drop  below 
the  desired  value  by  an  error  x  pro¬ 
portional  to  Z 

^  Z{2R  -f  Rm) 

“  2RiR  -+-  Rm) 

for  the  bridge  circuit  of  Fig.  9B; 


FIG.  11 — Circuit  of  Fig.  9B  gives  logarith¬ 
mic  input-output  relation  over  a  34-<lecibel 
range 
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here  also,  the  error  a  depends  on  the 
meter  resistance  Rm-  The  solid  curve 
in  Fig.  lOA  shows  for  any  value  of 
Rm/Rh  how  high  Z  may  rise  in  pro¬ 
portion  to  R  so  that  the  error  a  just 
reaches  ten  percent.  It  will  be  noted 
that,  under  strictly  comparable  con¬ 
ditions,  Z  may  attain  larger  values  in 
the  bridge  circuit  than  in  the  voltage 
divider.  It  may  rise  2.7  times  higher 
for  Rm/R  =  1  and  11  times  higher 
for  a  low  meter  resistance  Rm/Rb  = 
0.1. 

This  advantage  of  the  bridge  cir¬ 
cuit  reflects  in  the  much  lower  input 
voltage  Eouxs  at  which  it  may  oper¬ 
ate  without  exceeding  a  specifled 
error  a.  The  relation  of  minimum 
bridge  input  voltage  Eo  to  the  voltage 
Ez  on  the  contacts  Z  is  given  by 

/  jgp  \  ^  (1  +  a)  (2+  K) 

V.  Bx  /MIN  a(l  +  K) 

where  again  K  =  Ru/R. 

This  relation  is  plotted  as  a  func¬ 
tion  of  K  and  for  an  error  a  of  ten 
percent  as  the  solid  curve  in  Fig. 
lOB.  It  will  be  noted  that  for  very 
large  meter  resistances  (Rm/R  ^  10) 
the  bridge  is  in  this  respect  not 
superior  to  the  ordinary  voltage 
divider.  However,  for  K  =  1,  the 
bridge,  for  equal  error,  requires  only 
i  as  much  input  voltage  as  the  volt¬ 
age  divider  and  for  low  meter  re- 
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FIG.  12 — Combining  output  irom  two 
bridges  incorporating  contact  rectifiers 
gives  a  wide-range  decibel  meter 


sistance  (Rm/R  =  0.1)  it  requires 
only  18  percent  of  the  input  needed 
for  the  voltage  divider.  Indeed, 
even  for  negligible  meter  resistance 
0),  the  bridge  requires  for  ten 
percent  maximum  error,  only  22 
times  the  minimum  contact  voltage 

Ez  MI.V. 

Because  Etuis  for  one  layer  of 
copper  oxide  is  about  0.070  volt,  it 
follows  that  a  minimum  bridge  input 
of  22  X  0.07  =  1.54  volts  will  suflice 
for  any  meter  resistance  Rm  without 
causing  an  error  exceeding  ten  per¬ 
cent. 

Both  input  and  output  impedances 
of  the  bridge  circuit  are  nearly  con¬ 
stant  over  the  usable  range.  This 
consistency  permits  full  freedom  of 
matching  and  the  use  as  both  cur¬ 
rent  and  voltage  meters.  A  disad¬ 


vantage  of  the  bridge  circuit,  as 
compared  with  the  voltage  divider, 
is  that  the  input  and  output  have  no 
common  terminal. 

Logarithmic  circuits  lend  them¬ 
selves  to  combinations  for  the  pur¬ 
pose  of  electric  multiplication  or 
division.  Figure  12  shows,  as  an 
example,  the  combination  of  two 
logarithmic  bridges.  Their  outputs 
are  connected  in  series  and  fed,  with 
opposite  sign,  to  a  meter  which  thus 
reads  the  difference  of  their  output 
currents.  The  current  is  then  Imi  — 

I  Mi  =  A  log  Eoi  —  A  log  E„  =  A  log 
(Eoi/Ecs)  or  proportional  to  the  log¬ 
arithm  of  the  ratio  of  the  two  bridge 
inputs.  The  meter  can  thus  be  cali¬ 
brated  directly  in  decibels  with  a 
linear  scale.  Two  small  resistors  p 
with  adjustable  tap  are  shown  in 
Fig.  12  for  the  initial  adjustment  of 
bridge  balance.  A  model  with  each 
R  =  200  ohms,  each  Z  one  layer  of 
0.85  square  inch  copper  oxide,  p  =  6 
ohms  and  a  meter  for  100  micro¬ 
amperes  full  scale  with  Rm  =  1800 
ohms,  was  found  reliable  within 
plus  or  minus  two  percent  of  full 
scale  for  either  input  voltage  vary¬ 
ing  from  0.14  to  7  volts,  that  is,  up 
to  ratios  of  plus  or  minus  35  decibels. 

Attempts  at  biasing  the  copper- 
oxide  contacts  yielded  no  reduction 
of  minimum  required  input  voltage. 
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NOW  .  capacitors 
replaced  like  tubes 

with  CINCH 
SOCKETS 


An  engineer  and  a  service  man  combined 
their  ideas  and  with  Cinch  coordination 
and  *^know  how^^  there  resulted  the  first 
practical  capacitor  socket. 

^ccUune4m 

^  Polarized  for  the  Mallory  PF  type  capacitor. 

^  Riveted  to  chossis  just  like  any  socket. 

^  Socket  to  marked  that  wiring  for 

capacitor  and  socket  - 

is  some  for  eoch. 

^  Two  standard  sizes 
available  and  in 
production — K  and 


Simplifies  the  service 
problem  of  capacitors, 
especially  export  sets. 


We  suggest  you  send  for  samples. 


MANUFACTURING  CORPORATION 

2335  West  Van  Buren  Street,  Chicago  12,  Illinois 

Subsidiary  of  United-Carr  Fastener  Corporation,  Cambridge,  Massachuselts 
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Mixer  Frequency  Charts 


WHEN  two  frequencies,  B  and  A, 
are  mixed  to  produce  the  sum 
frequency  5  +  A  or  the  difference 
frequency  B  —  A,  a,  possibility  exists 
that  some  harmonic  of  B,  or  some 
harmonic  of  A,  or  some  combination 
of  the  harmonics  of  B  and  A  will  pro¬ 
duce  unwanted  components  lying 
close  to  the  desired  frequency.  In 
some  cases  the  magnitude  and  fre¬ 
quency  of  these  unwanted  compon¬ 
ents  are  such  as  to  present  serious 
problems  in  selectivity,  often  to  the 
extent  of  requiring  a  different  choice 
of  input  frequencies. 

The  two  charts  shown  provide  a 
means  of  determining  in  advance  the 
unwanted  components  capable  of 
arising  from  a  given  choice  of  mixer 
input  frequencies.  The  charts  are 
based  on  the  fact  that  when  the  ratio 
of  the  two  input  frequencies,  A/B, 
is  also  equal  to  the  ratio  k/l  where  k 


By  R.  S.  BADESSA 

Radio  Countermeasures  Section 
Naval  Research  Laboratory 
Washington,  D.  C. 

and  I  are  integers  and  A  is  the 
smaller  of  the  two  input  frequencies, 
two  unwanted  components  exist  cap¬ 
able  of  coinciding  or  zero  beating 
with  the  sum  frequency  B  A. 
These  are  (I  +  1)  A  —  (fc  —  1)B  and 
(k  +  1)B  -  (I  -  1)A.  Where  the 
wanted  frequency  is  B  —  A,  the  cor¬ 
responding  unwanted  components  are 
(I  -1)A  -  (fc  -  1)B  and  (k  -f-  1)B 
-  a  +  DA. 

Unwanted  components  up  to  the 
16th  order  are  classified  in  the  charts 
according  to  the  ratio  A/B  for  which 
coincidence  with  the  wanted  sum  or 
difference  frequency  occurs. 

If  coincidence  does  not  exist,  no¬ 
tice  the  components  corresponding  to 
ratios  not  far  removed  from  the 
ratio  being  investigated.  The  fre¬ 


quencies  of  these  components,  espe¬ 
cially  those  of  low  order,  should  be 
calculated  to  determine  how  difficult 
a  selectivity  problem  exists. 

Example.  A  frequency  of  4.9  me  is 
mixed  with  a  frequency  of  2.1  me  to 
produce  a  sum  frequency  of  7.0  me. 
For  this  case  R  =  2.1/4.9  =  0.429. 
On  chart  No.  2  the  interfering  com¬ 
ponents  for  R  =  0.429  are  of  the 
tenth  order  and  have  the  forms  4B  — 
6A  and  8A  —  2B.  Since  a  tenth- 
order  component  is  probably  not  very 
serious,  coincidence  can  be  neglected. 
Other  ratios  in  the  vicinity  of  0.429 
are  investigated  next.  For  the  ratio 
0.500,  there  are  two  third-order  com¬ 
ponents,  of  the  form  2B  —  A  and  3A. 
These,  when  evaluated,  are  7.7  me 
and  6.3  me  respectively  and  may  or 
may  not  cause  trouble,  depending  on 
the  selectivity  of  the  7-mc  channel 
employed. 


CHART  I.  Output  Frequency  —  B  —  A 
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U.  S.  PAT.  OFRCE) 


♦(■'RADE  mark  REG, 


the  answer  to  every 
Vibrator  Power  Siinolv  Pr 


OUTSTANDING  ADVANTAGES 


For  years  now,  Vibrapacks  iiave  furnished  a  dependable, 
low-cost,  standardized  means  of  obtaining  high  voltage 
direct  current  from  low  voltage  storage  batteries.  This 
is  because,  among  other  things,  they  provide  a  good 
match  between  vibrators,  transformers,  buffer  con¬ 
densers  and  load. 

f 

All  cataloged  Vibrapacks  now  contain  hermetically  sealed 
vibrators.  These  assure  even  greater  dependability  than 
ever  —  immunity  to  moisture  and  corrosive  fumes,  com¬ 
plete  freedom  from  ionization  breakdowns. 

Do  you  need  a  vibrator  power  supply  for  radio  receivers, 
transmitters,  public  address  amplifiers,  direction  finders, 
other  electronic  apparatus?  Vibrapacks  have  served"  them 
all—  ideally. 


Low  liattery  drain  .  .  .  low  cost,  low  mainte¬ 
nance  .  .  .  compactness,  li"ht  weight  .  .  .  ease 
of  installation  .  .  .  dependability,  long  life  .  .  . 
flexibility.  Cataloged  single  unit  Vibrapacks 
can  be  adjusted  to  give  4  output  voltage 
ranges  each. 


FOR  COMPLETE  INFOR- 
MATIOiN  on  allVibrapack  modnU, 
write  NOW  for  Form  So.  55S-E  — 
Detailed  deseri(>ti»n»  of  each  model  — 
Data  on  selection  of  the  proper  Vibra- 
pack  for  ever\  application  —  Installa¬ 
tion  instruction,  Wiring  diafcrams  — 
and  a  host  of  other  vital  information. 


&OOH> . . .  the  Mallory  Vibrator  Data  Book — with 
all  the  answers  to  your  vibrator  problems  .  .  .  watch  for  it ! 


▼  VIBRATORS 

AND  VIBRATOR  SUPPLIES 
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Stops  in  the  processing  oF  type  3BP1  cathode-ray'  tubes.  From  fleft  to  rjght  the 
operators  are  recording  tekt  results,  preparing  tubes  for  '’evacuation,  using  high- 
frequency  heat  to  drive  off  occluded  gas  from  elements  diujp9  exhaiuting,  and 
connecting  heater,  cathode  ond  other  tube  elements  for  test.  Because  of  heat,  girls 
wear  shorts  ot  the  Dobbs  Ferry  plant  of  North  American  Philips 


Fig.  1 — Circuit  of  electronic  inverse  volt¬ 
meter 


Progress  in  Magnetic  Recording 


A  NUMBER  OF  technical  improve¬ 
ments  have  permitted  the  establish¬ 
ment  of  certain  tentative  standards 
for  magnetic  recording.  According 
to  a  report  from  Armour  Research 
Foundation  of  Illinois  Institute  of 
Technology,  it  is  expected  that  nearly 
all  instruments  of  this  type  will 
employ  wire  0.004  inch  in  diameter, 
traveling  at  a  uniform  speed  of  2 
feet  per  second,  instead  of  earlier 
speeds  of  2.5  and  5  feet  per  second. 
Normal  wire  consumption  has  thus 
been  reduced  from  about  0.5  to  ap¬ 
proximately  0.2  lb  per  hour.  It  is 
possible  with  these  standards  to 


make  sound  recordings  with  a  fre¬ 
quency  response  flat  within  3  db 
from  60  to  8,000  cps  and  with  very 
low  distortion  and  background  noise. 

Also  tentatively  standardized  are 
the  dimensions  of  the  spools  on  which 
the  wire  is  wound,  enabling  them  to 
be  interchanged  among  the  various 
units  to  be  manufactured  for  many 
different  recording  purposes. 

Among  other  developments  has 
been  the  construction  of  a  wire  tester 
designed  to  measure  quantitatively 
the  residual  magnetism,  coercive 
force,  and  noise  characteristics  of 
recording  wire  during  the  process  of 


C-R  TUBE  PRODUCTION 


Inverse  Vacuum-tube 
Voltmeter 

By  Shetldon  H.  Dike 

Re»*arch  Engineer 
GUnn  L.  Martin  Company 
Baltimore,  Md. 

In  some  research  conducted  on  pre¬ 
cipitation  static  for  the  National 
Defense  Research  Committee  under 
contract  No.  OEM  sr-000,  a  volt¬ 
meter  was  needed  which  would  have 
very  high  input  impedance  and 
which  would  measure  high  voltages. 
After  some  work  with  conventional 
voltmeters  and  after  experiencing 
considerable  trouble  with  positive 
ion  currents,  the  familiar  inverse 
vacuum-tube  voltmeter  was  adapted 
to  the  job.  In  this  circuit,  the  input 
voltage  is  placed  upon  the  plate 
which  is  maintained  at  a  negative 
potential  with  respect  to  the  cathode, 
the  current  in  the  grid  circuit  being 
a  measure  of  this  input  voltage. 

The  circuit  of  the  voltmeter  which 
operated  satisfactorily  is  shown  in 
Fig.  1  and  the  calibrations  of  the 
low  and  high  ranges  of  the  completed 
instrument  in  Fig.  2.  When  positive 
input  voltage  is  applied  to  the  plate, 
more  grid  current  flows  than  when 
no  potential  is  applied. 

In  operation,  SWj  and  are 


TUBES  AT  WORK 


Edited  by  VIN  ZELUFF 


manufacture.  The  instrument  is 
now  in  regular  use  in  the  plant  of  one 
of  the  wire  producers. 

For  making  a  large  number  of 
duplicate  wire  records  from  a  single 
master  copy,  the  Foundation  has 
built  experimental  equipment  em¬ 
ploying  recording  heads,  amplifiers, 
and  wire  drive  mechanisms.  It  is 
hoped  that  ultimately  banks  of  these 
units  can  be  so  arranged  as  to  pro¬ 
duce  simultaneously  practically  an 
unlimited  number  of  copies. 


Progress  in  Magnetic  Recording .  140 

Inverse  Vacuum-tube  Voltmeter .  140 

Rotary  Converter  ior  Portable  Power  Supplies .  142 

Measuring  Mutual  Inductance  and  Capacitance. ...  142 
Auxiliary  Pilot  Guides  Ships .  154 
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RELAYS  ^  GUARDIAN 


Wh«th*r  th*  principl*  it  •Uctrenic  or  mag* 
notic  .  .  .  horo  or*  torn*  of  tho  lotott, 
groototf  basic  dotign  Guardian  Roiayt, 
Soltnoids  and  Stopping  Switchot  wo  aro 
privilogod  to  protont  to  dotign  onginoort. 


Soriot  40  A.  C. 
Laminatod  Roloy 
Tlii*  laminatod  rolay  i»  do* 
ilgnod  to  prodwco  maximum 
output  with  minimum  curront 
input.  Typical  utot  includo 
control  of  coll  tyttom  bolU; 
ouxiliary  for  automatic  radio 
tuning;  romoto  control  of  froc* 
Hanoi  motors;  sofoty  dovicos; 
instrumonts;  sound  movio 
owxillorios. 


Each  unit  offort  an  unlimited  number  of  vari¬ 
ations  .  .  .  often  making  a  standard  Guardian 
Relay  a  "special,'*  effecting  big  savings  in  time 
and  money.  Highly  efficient,  compact,  low- 
priced,  long  life,  you  can  depend  on  it— fhey’ll 
increase  the  dependability  and  quality  of  your 
product. 


Series  T-110 
Time  Delay  Relay 
This  relay  employs  o  resist¬ 
ance  wound  bimetal  strip 
to  ochiovo  o  dolayod  opor- 
oHon  from  10  to  60  sec¬ 
onds.  Current  flows  through 
the  windings  go  no  rating 
heat,  cousirtg  the  bimetal 
strip  to  bond,  closing  a  con¬ 
tact  after  tho  roquimd  timo 


Series  120 

The  Series  120  is  o  small, 
compact  relay.  It  is  an  oc* 
enomical  unit  designed  for 
control  needs  which  do  not 
exceed  single  polo,  double 
throw  comblrtation.  Econ¬ 
omy  and  simplicity  of  con¬ 
struction  maho  it  possible 
to  offer  the  Series  120  at  o 
low  price  compared  with  its 
high  quolHy  performance. 


Series  1-A  Solenoid 
Tho  series  1-A  Solenoid  by 
Guardian  is  oito  of  numerous 
typos  for  inform Htont  and  cort- 
tinuous  duty.  Applications  in¬ 
clude  valve  control  and  epor- 
otion;  electrical  leching;  clutch 
ortd  broke  aporoHon;  mate¬ 
rial  ojoctor;  spray  gun  opera¬ 
tion  among  others. 


Series  A-100 
High  Frequency 

This  AISiMog  insulated  relay 
is  compact,  canvonient,  low 
in  cost.  In  radio  opplicoHens 
it  is  used  for  antenna  change¬ 
over,  brook-in,  high  voltage 
keying,  grid  controlled  recti¬ 
fier  keying,  romoto  control  of 
receiver  and  transmittor,  and 
other  high  froquoncy  opplico- 


Series  R  Stepper 

This  Relay  is  built  in  throe  basic 
typos  for  A.C.  and  O.C.  operation: 
(1)  Continuous  rotation,  (2)  Elec¬ 
trical  reset,  (3)  Add  end  subtract. 
Hs  principio  application  is  auto¬ 
matic  circuit  soloctien  includictg 
aulomotic  sequence,  automatic 
wove  chonging  on  short  wove 
transmittors,  automatic  busirross 
mochinos,  totalising  units,  con¬ 
veyor  control. 


GUARDIAN  ^  ELECTRIC 
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Fig.  2 — Calibrotion  curves  for  the  inverse 
voltmeter  when  used  to  measure  the  high* 
potential-gradient  fields  between  two 
netal  plates.  The  separation  of  the  plates 
is  expressed  in  centimeters 


adjusted  to  give  midscale  reading 
with  no  applied  input  voltage.  is 
used  to  adjust  the  sensitivity.  The 
range  of  the  instrument  is  changed 
by  closing  and  adjusting  SIV, 
and  Ri  to  return  the  meter  reading 
to  midscale. 

The  curves  shown  in  Fig.  2  are  for 
volts  per  centimeter  since  we  were 
interested  in  measuring  high-poten¬ 
tial-gradient  fields.  The  circuit  will 
measure  d-c  voltage  directly;  the 
curves  will  have  approximately  the 
same  shape  but  the  voltage  values 
will  be  somewhat  different. 

.In  general,  where  high  voltages 
are  It)  be  measured  with  extremely 
low  current  being  drawn  from  the 
measured  source,  such  voltages  may 
be  placed  on  two  plates  of  known 
separation.  Then  the  curves  illus¬ 
trated  will  be  applicable  in  terms  of 
volts  per  centimeter.  The  circuit  was 
adjusted  to  give  a  mid-scale  reading 
to  indicate  polarity,  the  curve  on  the 
other  side  of  zero  then  being  a 
mirror  of  the  one  shown. 


Rotary  Converter  for 
Portable  Power  Supplies 

Instead  of  a  vibrating  reed  and  con¬ 
tact  points,  a  rotary  contactor  has 
been  developed  for  automobile  radio 


power  supplies.  Electrical  break¬ 
down  due  to  arcing  is  minimized  by 
making  and  breaking  the  contacts  in 
a  vacuum., 

The  heart  of  the  Dynectron  rotary 
converter  is  a  “cell”  formed  in  two 
halves  of  specially  developed  steel; 
a  glass  sphere  with  four  tungsten- 
tipped  electrodes  is  sealed  to  one 
half-cell.  The  two  halves  are  then 
welded  together.  A  small  quantity 
of  mercury  is  injected  into  the  glass 
sphere  and  the  gases  removed  in  the 
same  manner  as  employed  in  the 
manufacture  of  vacuum  tubes. 

Two  sets  of  coils  are  arranged 
around  the  cell  assembly  so  that  four 
wound  poles  are  formed.  These  are 
free  to  rotate  with  the  assembly  in 
the  magnetic  field  set  up  by  alnico 
permanent  magnets.  Energizing  the 
coils  starts  the  rotation  of  the  cell, 
"which  permits  the  mercury  to  make 
contact  with  each  of  the  four  elec¬ 
trodes  successively,  causing  inter¬ 
ruption  of  the  current. 

The  complete  cased  unit  resembles 
a  conventional  vibrator  in  appear¬ 


ance  and  electrical  arrangement  of 
the  plug-in  contacts.  According  tn 
the  manufacturer,  Ohio  Tool  Com- 
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Circuit  oi  the  rotary  unit  designed  ior  in¬ 
terrupting  current  when  conTerting  battery 
power  oi  alternating  current 


pany  of  Cleveland,  thousands  of 
hours  of  continuous  tests  on  the 
rotary  converter  have  been  made. 
None  have  worn  out  and  the  same 
efficiency  has  been  maintained. 


Measuring  Mutual  Inductance  and  Capacitance 


By  A.  W.  Simon 

Stetcart  Warner  Corporation 
Chicago,  Illinois 


Most  standard  methods  of  measur¬ 
ing  mutual  inductance  become 
inaccurate  when  applied  to  the  meas¬ 
urement  of  mutual  inductances  cor¬ 
responding  to  small  coefficients  of 
coupling,  such  as  those  commonly 
encountered  in  radio  circuits.  This  is 
true  in  particular  of  the  widely  used 
method  of  determining  mutual  in¬ 
ductance  in  terms  of  self -inductance, 
by  connecting  the  two  windings 
series-aiding  and  series-opposing. 

For  example,  to  determine  mu¬ 
tual  inductance  accurately  to  1  per¬ 
cent  by  this  method,  for  a  case  where 
the  coefficient  of  coupling  is  5  per¬ 
cent,  the  self-inductance  has  to  be 
measured  with  an  accuracy  of  0.5 
percent,  which  is  beyond  the  accuracy 


ordinal  inductom^ters  and  ^  due  to  the  fact  that  the  shield  intro- 


bridges.  It  is  readily  seen  that  an 
error  of  0.5  percent  in  the  latter,  un¬ 
der  the  same  conditions,  could  lead  to 
an  error  of  10  percent  in  the  mutual 
inductance. 

The  method  of  simple  opposition 


devised  by  Felici  is  not  subject  » 
this  difficulty  and  enables  the  mutuiu 
inductance  to  be  determined  with:<ii( 
accuracy  equal  to  that  of  the  indue- 
tometer  used.  Furthermore,  if  an  in^ 
ductometer  of  the  Brooks  type  is  em¬ 
ployed,  the  range  of  the  Felici  method 
can  be  extended  in  the  direction  of 
lower  inductances  by  incorporating 
a  switch,  by  means  of  which  one 
winding  of  the  inductometer  can  be 
reversed ;  the  unknown  inductance  is 
then  equal  to  one-fourth  of  the  dif 
ference  of  the  inductometer  readings 
for  the  two  positions  of  the  switch. 

Unfortunately,  if  the  two  coils  to 
be  measured  are  enclosed  in  a  shield 
can,  the  simple  Felici  arrangement 
fails  to  give  a  perfect  null.  This  is 


duces  an  out-of-phase  component, 
which  cannot  be  balanced  out  by  mu¬ 
tual  inductance  alone.  In  this  case,  it 
is  necessary  to  resort  to  Campbell’s 
modification  of  the  Felici  circuit,  in 
which  this  component  is  balanced  out 


r 
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•  Standard  Roller-Smith  Switchboard  In¬ 
struments  are  available  with  features  that  will 
meet  the  requirements  of  a  particular  job. 

Of  course,  there  is  the  choice  of  round  or 
square  case,  surface  or  flush  mounting  .  .  . 
so  that  the  appearance  of  the  finished  board 
will  satisfy  job  specifications  or  personal 
preference.  This  choice  includes  AC  and 
DC  Voltmeters,  AC  and  DC  Ammeters, 

Frequency  Meter,  Power  Factor  Meter,  Var 
Meter,  Wattmeter,  Synchroscope. 

Special  non-standard  features  available  on  Write  for  full  details  or  request  Catalog 
order  include :  no-glare  glass,  special  case  4220. 


finishes  and  colors,  black  dials,  double 
range  instruments,  double  scale  instru¬ 
ments.  Conduit  mounting  and  explosion 
proof  enclosures  for  round  surface  mounted 
AC  and  DC  instruments  help  provide  quick, 
low  cost  answers  to  special  job  requirements. 

If  you  have  a  special  instrument  problem, 
the  Roller-Smith  engineering  department 
will  help  you  get  a  low  cost  practical 
solution. 


In  Canada t  RolUr-Smith  Marsland,  ltd.,  Kifchtncr,  Ontario 

ELECTRICAL  INOIOATINB  INITRUMCHTS  •  Al  R  C  R  AFT  I  N  RT  R  U  M  E  MTS  •  SWITCHGEAR 
AIR  AND  OIL  CIRCUIT  SREAKERS  •  ROTARY  SWITCHES  •  RELAYS  •  RRECISION  BALANCES 
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MUTUAL  INDUCTANCE 


(continued) 


by  a  portion  of  the  primary  voltage 
introduced  into  the  secondary  by 
means  of  a  slide  wire  potentiometer. 
With  an  inductometer  of  the  Brooks 
type,  this  arrangement  also  can  be 
extended  in  the  direction  of  lower 
mutual  inductances  by  incorporating 
a  reversing  switch  and  taking  one- 
fourth  of  the  difference  of  the  corre¬ 
sponding  readings. 

Improved  Circuit 

A  practical  circuit  is  given  in  Fig. 

1  for  the  measurement  of  mutual  in¬ 
ductance  between  coils,  both  unen¬ 
closed  and  enclosed  in  shield  cans. 
This  circuit  is  based  on  the  Campbell 
modification  of  the  Felici  circuit  and 
employs  an  inductometer  of  the 
Brooks  (or  other  ±2M)  type  and  re¬ 
versing  switch.  It  is  particularly  suit¬ 
able  for  the  accurate  measurement  of 
mutual  inductance  between  coils  with 
small  coefficients  of  coupling  such  as 
are  frequently  encountered  in  radio 
work,  and  enables  such  a  measure¬ 
ment  to  be  carried  out  with  an  ac¬ 
curacy  equal  to  that  of  the  induc¬ 
tometer  used.  It  can  also  be  used  to 
set  coils  very  quickly  and  accurately 
to  a  predetermined  mutual  induct¬ 
ance  or  coefficient  of  coupling — a  feat 
which  is  only  difficultly  accomplished 
by  means  of  a  bridge.  The  circuit  is 
particularly  recommended  to  the  ra¬ 
dio  industry  for  use  in  connection 
with  the  determination  of  the  coeffi¬ 
cient  of  coupling  of  i-f  transformers, 
instead  of  the  now  widely  used  but 
inaccurate  method  employing  a  self¬ 
inductance  bridge. 

Operation 

To  make  a  measurement  of  mutual 
inductance,  the  inductometer  is  read 
for  the  two  positions  of  the  revers¬ 
ing  switch.  The  unknown  inductance 
is  then  equal  to  one-fourth  of  the  dif¬ 
ference  between  the  corresponding 
self-inductance  readings.  To  get  a 


.VI  MOOtlS  HAVt  in. 

S\^APLff*ED 

logawtmwvic 

SCALE 


STANDARD 
Model  300 


Ideal  for  the  Accurate  measure¬ 
ment  of  AC  voltages  in  the  Audio, 
Supersonic,  Carrier  Current  and 
Television  ranges. 

Use  of  Logarithmic  voltage  scale  as¬ 
sures  uniform  accuracy  of  reading 
over  whole  scale  while  permitting 
range  switching  in  decade  steps. 

Each  Voltmeter  equipped  with  an 
output  jack  so  that  the  instru¬ 
ments  can  be  used  as  a  high-  ^ 
gain  stable  amplifier. 


SPECIFICATIONS 

MODEL  300 


Model  304 
R-F 

VOLTMETER 


RANGE^.001  to  100  volts. 
FREQUENCY— 10  to  150,000  cycles. 
ACCURACY— 2%  at  any  point  on  scale. 
AC  OPERATION— 110-120  volH. 


MODEL  304 


RANGE— .001  la  100  voHs. 
FREQUENCY— 30  c.p.s.  to  5.5  megacycles 
ACCURACY— 0.5  DB. 

AC  OPERATION— 110-120  volH. 


RANGE— .001  to  100  vohs 
FREQUENCY— 5  to  150,000  cycles. 
ACCURACY— 2%  at  any  point  on  scale. 
DC  OPERATION— self-contained  batteries. 


Send  for  BwMefm  for  furMer  {lm$cHplion 


Model  303 
BATTERY 
OPERATED 


START 


;FINISH 


MIBBOEiTOIUESrM 

BO  0  H  f  0  Mil  Rif J  i  I' S I Y  ‘  .U.-  S. 


Fig.  1 — Useful  circuit  for  measuring  mu¬ 
tual  inductance  between  coils  haring  small 
coefficient  of  coupling 
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”HOmE''HIT 

with  interchangeable  parts 


"SOCKET  SCREUI''KIT 

with  interchangeable  bits 


"SOCKET  UlREnCK'KIT  ®  A 

with  Interchangeable  sockets  ^  ^ 

These  Kits  make  grand  holiday  gifts  or  prizes. 


molded 
Celooesc* 
Ploitlc  Handles 


Every  one’s  a  beauty  in  appearance  .  .  .  and  sa\es  time  and  trouble. 
The  handle  of  each  Kit  is  filled  with  useful  tools  .  .  .  ones  that  are 
needed  constantly. 

Three  of  these  Kits  come  in  two  sizes,  for  a  greater  range  of  tools. 
They  are:  the  "Socket  Screw"  Kits,  with  a  variety  of  hex,  Phillips 
and  flat  screw’  driver  bits  to  fit  most  all  screw's;  the  "Socket  Wrench" 
Kits  containing  6  and  12  point  hex  sockets  with  openings  from  1/^" 
up  to  the  "Auto"  Kits  .  .  .  that  mechanics  will  keep  in  their 
pockets,  car  owners  w’ill  want  in  the  glove  compartments  .  .  .  hav¬ 
ing  a  choice  assortment  of  Phillips,  and  flat  screw'  driver  bits,  a 
tapered  reamer  and  several  clutch  head  bits.  The  "Home”  Kit,  in 
one  size  only,  is  the  smallest  of  the  lot  .  .  .  only  414"  long  .  .  . 
with  7  important  tools  in  the  handle;  Phillips  and  flat  screw  driver 
bits,  a  tapered  reamer,  a  gimlet  and  a  bottle  opener.  The  seven  kits 
hold  a  total  of  50  tools. 

The  Kits  are  made  according  to  strict  "Standard" 
specifications.  All  but  the  "Home"  Kit  have  swivel 
bit-chucks  for  better  leverage.  Handles  are  of  du- 
^  rable  Celanese*  plastic;  tools  of  high-grade  alloy 

^  steel.  Write  for  our  8*page  booklet  that  fully  de- 

_  scribes  these  dandy  compact  Kits. 

ifts  or  prizes.  Obtainable  at  Suppliers  throughout  the  country.' If  your 

Supplier  does  not  carry  them,  send  his  name  to  us,  along 
with  yours,  and  you  will  be  taken  care  of  promptly. 


OVtf  43  YEAttS  IN  BUSINESS 


•Reg.  U.  S.  Pot.  Off. 


Kits:  Patents  Pending 


JENKINTOWN,  PENNA.,  ROX <471  .  BRANCHES:  BOSTON  ♦  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST  LOUIS  •  SAN  FRANCISCO 
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CANNON  PLUG  \ 


INSERTS 


SHELLS 


COUPLING 

METHODS 


CANNON 

ELECTRIC 


MUTUAL  INDUCTANCE 


perfect  null  in  both  positions,  the 
manner  of  connection  of  the  un¬ 
known  must  be  carefully  preserved. 
If  a  perfect  null  is  obtained  for  only 
one  throw  of  the  switch,  the  connec¬ 
tions  of  one  coil  of  the  unknown 
should  be  reversed.  For  the  measure¬ 
ment  of  coils  unenclosed  in  shield 
cans,  the  slider  is  set  to  the  zero 
position. 

Analysis  of  the  circuit  of  Fig.  1, 
as  well  as  that  employing  a  self-in¬ 
ductance  bridge,  reveals  that  for  coils 
enclosed  in  shield  cans,  the  “mutual 
inductance”  actually  measured  is  the 
quantity 

„  M\%Mn  Qa* 

“  L,  (Qa*  +  1) 

where  A/m  is  the  mutual  inductance 
between  the  coils  1  and  2,  and 
Af«  are  the  mutual  inductances  be¬ 
tween  the  respective  coils  and  the 
shields,  and  L,  and  Q,  are  the  self 
inductance  and  Q  respectively  of  the 
shield  itself. 

For  setting  the  coupling  between 
two  coils  to  a  definite  value  k,  the 
self-inductance  Lj  and  L,  of  the  coils 
is  first  measured  on  a  bridge  and  the 
required  mutual  inductance  M  calcu¬ 
lated  from  the  equation 


Cannon  manufactures  the  largest  line  of  elearic 
plugs  and  receptacles  in  the  industry.  Most 
connector  needs  can  be  met  by  some  standard 
Cannon  Connector.  Four  major  factors  govern 
^  seleaion  of  the  right  one: 


■■■BH  must  be  large  enough  to  provide  re- 
quired  contact  diameters  and  spacing 
to  meet  specified  voltage  and  amperage  loads. 


M  =  k  yjLxLt 

The  reading  L  of  the  inductometer 
for  the  neutral  position  of  the  in¬ 
ductometer  coils  is  then  determined, 
and  the  inductometer  set  to  a  self¬ 
inductance  reading  given  by 

L.  =  L  4-  2Af 

One  of  the  coils  is  then  moved  until 
the  null  point  is  reached.  The  setting 
can  be  checked  by  throwing  the  re¬ 
versing  switch  and  observing 
whether  a  null  point  occurs  at  the 
reading  L,.  given  by 


■■■■■  size,  construction  and  materials  an 
limK  governed  by  the  type  of  circuit — high 
frequency,  heavy  duty,  low  level  or  thermocouple. 


vary  in  shape,  {round,  square,  oval 
or  angular)  to  meet  weather,  mechan¬ 
ical  and  safety  requirements  of  the  application. 


depend  on  vibration  frequency  of  use, 
f^^^^  needed  to  couple  or  dis¬ 
connect,  critical  in  some  locations. 

Write  for  this  new  bulletin,  "Helps  in  Selecting 
an  Electric  Connector,”  just  printed.  Address  Dept. 
H-120,  Cannon  Electric  Development  Company, 
3209  Humboldt  Street,  Los  Angeles  31»  California. 


The  given  procedure  is  very  useful 
in  making  up  standards  for  i-f  trans¬ 
formers  and  other  units. 

Mutual  Capacitance 

For  control  of  the  capacitive 
coupling  of  coils  enclosed  in  shield 
cans,  particularly  i-f  transformers, 
a  measurement  of  the  “mutual  ca¬ 
pacitance”  or  intercoil  capacitance 
(more  correctly,  the  coefficient  of 
electrostatic  induction  between  the 
coils)  becomes  desirable.  This  meas- 


Cannon  Electric  Development  Co. 
Los  Angeles  31,  California 


Canadian  Factory  and  Enginooring  OfRc*: 
Cannon  Eloctric  Co.,  Ltd.,  Toronto,  Canada 


KEPRESENTATiyES  IN  PRINCIPAL  CITI E  S-CON5ULT  YOUR  LOCAL  TELEPHONE  BOOK 
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JOHNSON  components  ore  widely  used  and  have  proven  their  dependability  through 
outstanding  performance  in  industrial  electronic,  commercial  transmitting  and  amateur 
radio  applications. 

CAPACITORS— Variable  and  Fixed,  Air  and  Pressurized  Gas  dielectrics.  From  thim¬ 
ble  size  miniatures  to  man-size  cast  plate  models. 

INDUCTORS— Wire  wound,  edgewise-wound  copper  strip,  copper  ribbon  and 
copper  tubing,  plated  to  meet  requirements.  Fixed,  tapped,  continuously  variable 
and  variable  pitch  types. 

TUBE  SOCKETS-Bayonet,  Wafer,  Miniature,  Acorn  and  Special  Types.  Designed 
to  meet  the  rigid  requirements  of  present  day  electronic  circuits. 

INSULATORS— Stand-Off,  Thru-Panel,  Cone  and  Antenna.  Engineered  for  maxi¬ 
mum  mechanical  strength  and  breakdown  voltages. 

CONNECTORS— Spring  Sleeve  and  Banana  Spring  type  Plugs  and  Jacks,  Tip 
Plugs  and  Jacks,  Multi-Wire  Cable  Connectors,  Inductor  Clips,  Soldering  Terminals 
and  Tube  Cap  Connectors. 

SHAFT  COUPLINGS,  R.  F.  CHOKES,  PANEL  and  PILOT  LIGHTS  and  machined 
GLASS  BONDED  MICA  PARTS  are  among  the  other  outstanding  JOHNSON 
components  engineered  for  flexible,  trouble-free  service. 

JOHNSON  standard  components,  only  a  few  of  which  ore  shown  here,  are  highly 
adaptable  to  special  applications.  The  result  to  JOHNSON  customers  is  time  and 
money  soved! 

All  standard  products  stockad  by  loading  radio-oloctronic  parts  iobbors. 


ELECTRONICS  —  August.  1946 


153 


MUTUAL  INDUCTANCE  (continutd) 


T1IAOC  MAmC  MS.  U.  «.  MT.  O0W. 


Higher 


in  UHF 


Higher  Capacity 


smaller  size 


Special  purpose  or  standard  type,  oil 
impregnated,  silvered  mica  capacitors. 
An  exclusive  pure  silver  plating  method, 
identical  to  silver  plating  on  fine  in* 
struments  (not  silk  screened),  used  on 
the  individual  mica  discs  gives  MYCONS 
extremely  LOW  inductances.  Current 
flow  is  equally  distributed  in  a  360^ 
pattern  from  the  center  terminal,  a 
shorter  electrical  path  to  ground.  Both 
are  standard  for  CRYSTALAB  MYCONS. 


Each  order  for  MYCONS  is  processed 
to  your  specifications.  Write  for  new 
specification  and  data  tha0t$. 


Fig.  2 — Three  steps  lor  determining  mutuoi 
capacitance  between  two  coils 


urement  can  be  carried  out  as  fol¬ 
lows  (Fig.  2) : 

(A)  Capacitance  C^.u  of  coils  1 
and  2  connected  together  with  re¬ 
spect  to  the  shield  (grounded)  is 
measured. 

(B)  Capacitance  Cu  of  coil  1  with 
respect  to  the  shield  and  coil  2  (both 
grounded)  is  measured. 

(C)  Capacitance  Ca  of  coil  2  with 
respect  to  the  shield  and  coil  1  (both 
grounded)  is  measured. 

The  “mutual  capacitance”  or  co¬ 
efficient  of  electrostatic  induction 
of  coil  1  with  respect  to  coil  2  is  then 
given  by 

Cit  =  0.5  (Cxt.u  ~  Cu  —  Cn) 

In  accordance  with  electrostatic 
theory,  the  quantity  Cu  is  negative. 
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Auxiliary  Pilot  Guides  Ships 


By  John  H.  Jupe 
London  Correopondent 


The  ordinary  sea  marker  buoy  is  a 
visual  indicator  only  useful  within 
telescopic  range  and  navigational 
skill  of  a  high  order  is  needed  to 
pilot  ships  to  a  spot  pin-pointed  by 
such  a  buoy.  In  some  cases  skill 
is  not  sufficient  and  must  be  rein¬ 
forced  by  knowledge  of  local  condi¬ 
tions. 

To  overcome  this  and  other  diffi¬ 
culties  the  radio  marker  buoy  or 
Jellyfish  was  developed  and  used 


tapes 

bral 


Syung 

i  steevings 


. . .  available  in  a  wide  variety  of 
widths,  thicknesses  and  styles,  for  procticolly  every  electrical  insulation  requirement  where  high  tensile 
strength  and  dimensional  stability  are  desired.  Continuous  filament  Fiberglos  Tapes,  used  in  over  9S% 
all  applications,  are  supplied  in  sizes  from  .003"  to  .015"  in  thickness  and  from  Vg"  to  IV2"  hi 
Medium  weave  tapes  for  machine  taping  are  furnished  in  thicknesses  from  .005"  to  .015",  while  tight 
weave  tapes  for  monual  taping  are  furnished  in  thicknesses  from  .003"  to  .007"  only.  Staple  fiber  tapes 
in  thicknesses  from  .010"  to  .025"  and  widths  from  y2"  to  iy2"  ore  also  available  for  opplications  where 
space  is  not  a  primary  consideration  or  where  0  more  resilient  wrapper  cushion  is  wanted. 


'2.  M-R  FIBERGLAS  TYING  CORDS 


.  .  .  three  to  five  times  stronger  than  ordinary  electrical  twines 
provide  all  the  insulation  advantages  inherent  in  Hberglav  heot-moisture-ocid  resistance  and  exceptionally 
high  tensile  strength.  They  are  used  for  all  kinds  of  tying  purposes:  banding  field  coils,  wrapping  string 
bands  on  armatures,  protecting  commutator  V-rings  from  flosh-overs,  bonding  on  V-ring  extensions  on 
equipment,  as  filling  in  winding  coils,  reset  strings  and  for  tying  slot  insulation  in  ploce.  They  are  also  used 
to  lash  ends  of  coils  in  large  motors  and  generators  and  to  hold  spacer  blocks  in  oloce  .  . 
other  tying  purposes. 

Treated  cord  is  used  primarily  for  its  exceptional  knot  strength  ancf  resistance  to  obrasion  and  is  preferred 
for  construction  and  repair  of  electrical  equipment.  Untreated  cord  is  frequently  used  where  space  is  to  be 
filled,  regardless  of  strength  requirements. 


3.  M-R  FIBERGLAS  BRAIDED  SLEEVINGSi 


. .  availoble  only  in  the  continuous  filament  construction,  are 
most  efficient  for  insulation  requirements  which  coll  for  high  tensile  and  dielectric  strength,  space  con 
servotion  and  flexibility.  M-R  Fiberglas  Sleeving  resbts  excessive  heat,  moisture,  overload,  odd  and  dirt  / 

to  moke  it  ideol  for  use  in  covering  coil  leads,  transformer  leads,  coil  interconnectors,  pigtail  brush  /  Fiberglas  Catalog  el  u-7.  containing 


IMMEDIATE 

DELIVERY 

FROM 

WAREHOUSE 

STOCKS 

at  no  increase 
in  price . 

...  It  is  noteworthy 
that  despite  price 
increases  for  most 
electrical  insulation 
materials,  the  prices 
for  M-R  Fiberglas 
Tapes,  Tying  Cords 
and  Braided  Sleev- 
ings  are  the  same  as 
they  were  prior  to 
the  war,  6  years  ago. 


lends  Old  for  other  insulation  applications. 

Fiberglas  Braided  Sleevings  are  furnished  in  two  average  wall  thicknesses,  .008"  and  .006" 
inside  diometen  from  1/16"  to  t/2"  in  1/16"  increments  (there  is  no  7/16"  ID  sleeving).  They 
ore  available  plain  (untreated)  or  impregnated,  to  prevent  ends  from  fraying,  in  natural, 
Uue,  red,  green,  block,  brown  or  yellow  for  circuit  or  phase 
1  juieniHTriTI  Identification  purposes. 


performance  and  application  data  of 


interest  to  all  concerned  with  electrical 


insulation  ...  os  well  as  description 


and  data  covering  Fiberglas  Tapes, 


Tying  Cords,  Sleevings,  Cloths,  Mica 


Combinations,  Laminates  and  other 


Fiberglas  insulation  materials. 


MITCHELL-  RAND^INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrf/andt  7-9264  NEW  YORK  7,  N.Y. 


Fiberglos  Varnished  Tope  and  Cloth 
Insulating  Papers  and  Twines 
Coble  Filling  and  Potheod  Compounds 
Friction  Tope  and  Splice 
Transformer  Compounds 


A  PARTIAL  LIST  OF  M-R  PRODUCTS  Fiberglas  Braided  Sleeving 
Fiberglas  Soturoted  Sleeving,  Varn'>shea  Tubing  Cotton  Topes,  Webbings  ond  Sleevings 
Asbestos  Sleeving  ond  Tope  Impregnoted  Varnish  Tubing 

Varnished  Cambric  Cloth  and  Tope  Insulating  Varnishes  of  all  types 

Mice  Plate,  Tope,  Poper,  Cloth,  Tubing  Eitruded  Plastic  Tubing 
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FIRST 

AWARD 


FIRST  RENEWAL 

WITH  STAR  .  DEC  16,1944 


SECOND  RENEWAL 

WITH  STAR  MAT  26.  1945 


CORPORATION  OF  AMERICA 


RADIO  BUOY  (continuwd) 

by  Britain  very  successfully  during 
the  war.  It  is  positioned  before¬ 
hand  by  a  skilled  navigator  and  in 
circumstances  known  only  to  follow¬ 
ing  ships,  and  can  be  made  to  reveal 
its  position  automatically  over  con¬ 
siderable  areas.  The  buoy  consists 
of  three  main  parts:  (1)  A  buoy¬ 
ant  and  approximately  cylindrical 
tank  containing  radar  transmitting 
and  receiving  equipment  and  de¬ 
signed  to  float  horizontally  with  a 
minimum  of  bow  wash;  (2)  A  tele¬ 
scopic  aerial  fitting  into  a  recess 
approximating  the  deck  of  the  buoy; 
(3)  An  anchor  line  and  weight,  at¬ 
tached  to  the  buoy  and  stowed  in  its 
stern  immediately  before  launching. 

Operation 

The  buoy  is  launched  into  the  sea, 
stern  first  and,  after  the  buoy  has 
sunk  to  a  chosen  depth,  the  anchor 
line  pays  out  the  mooring  weight  to 
the  sea  bed.  Removal  of  the  weight 
from  the  buoy  restores  its  buoyancy 
and  it  rises  to  the  surface  and  at¬ 
tains  a  horizontal  position.  This 
last  action  causes  the  antenna  of  the 
radar  equipment  to  start  telescop¬ 
ing  to  its  full  extent  and  at  the  same 
time  move  to  a  vertical  position. 

The  receiver-transmitter  is  in  the 
receiving  condition  as  soon  as  the 
buoy  surfaces.  On  reception  of  a 
pulse  signal  from  the  ship-borne  in¬ 
terrogator,  the  receiver  switches  it¬ 
self  into  a  transmitter  which  then 
returns  a  greatly  amplified  version 
of  the  signal  received. 

The  circuit  consists  basically  of  a 
supersonically  quenched  r-f  ampli¬ 
fier  followed  by  a  demodulator  and  a 
pulse  amplifier.  For  transmitting, 
provision  is  made  to  cause  the  r-f 
amplifier  to  oscillate  violently  and  so 
radiate  a  signal  from  the  antenna. 
Batteries  of  special  light-weight  de¬ 
sign  are  used  to  operate  the  radio 
equipment. 

Special  Features 

Immersion  of  the  buoy  also  starts 
a  sequence  of  events  accomplished 
electrically  before  the  buoy  reaches 
the  surface.  One  is  the  connection  of 
the  power  supplies  to  the  trans¬ 
mitter-receiver  and  the  other  is  the 
arming  of  the  buoy  for  self-destruc¬ 
tion. 

A  “sea  cell”  and  a  “corrosion  cell” 
are  mounted  on  the  buoy  and  remain 
submerged  once  it  has  been  launched. 
The  sea  cell  is  similar  in  construc- 


Singl*  epwntircuH  {ock 
Catalog  No.  1920 


A  — Hook-type  lug 

Molded  bakelite  I 
separator 

C  —  Arch-design  spring 

D— Phosphor  bronze 
contacts 


Single  closod-circuit  {ock 
Catalog  No.  1921 


3  •  way  micropbono  fock 
Catalog  No.  1922 


nsuline 


Here  is  something  for  which  the  radio  world  has  been  waiting. 
Small  and  lightwe^ht,  these  brand  new  and  exclusive  ICA  jacks 
will  prove  ideal  wherever  space  is  limited  and  high  performance 
^e^ntial*  ^ 

Like^^e  hdndreds  of  other  ICA  radio  parts,  these  jacks  am^ 
precision-made  of  the  nglu  materials.  The  separators  are  molded 
bakelite;»  the^  tooled  braai  body  and  phosphor  bronze  spring 
members  are  nickle-plated;  all  non-ferrous  materials* 

Note  tod  these  engineering  features:  Arched  design  to  minimise 
tension  fatigue  ^^fnnetiomd  design  to  minimise  creepage  and 
dust  accumulation;  interlocked  component  parts  to  prevent  turn¬ 
ing  and  shorts;  book-type  soldering  lugs  permit  easier  wiring. 

&You  ^willtcertainly  want  to  investigate  this  new  and  exclusive 
ICA  development  as  well  as  the  rest  of  the  ICA  line  of  quality 
radio  parts.  Send  for  complete  catalog  today* 
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PACKAGED  R.  F.  RADAR  ASSEMBLY 
ELIMINATES  DESIGN  HEADACHES 


R.  F.  RAOAR  UNIT  #412 


The  DeMornay>Budd  packaged  R.  F.  Unit  provides  a 
complete  R.  F.  assembly  for  microwave  radar.  It  is  now 
possible  to  obtain  as  standard  items  all  the  microwave 
R.  F.  components  necessary  in  the  fabrication  of  a  com¬ 
plete  radar  — DeMornay-Budd  Standard  Transmission 
Line  Components  plus  packaged  R.  F.  Unit. 


The  R.  F.  Radar  Unit  is  delivered  complete  and  ready 
to  operated  It  is  wired  and  contains  all  the  necessary 
tubes  and  crystals.  The  unit  uses  a  packaged  magnetron 
capable  of  delivering  20  kw.,  peak  power,  at  9375  me. 
Two  type  2K25  local  oscillator  tubes  are  provided,  one 
for  receiver  and  A.F.C.  and  the  other  for  beacon  opera¬ 
tion.  A  type  1B35  A-T-R  tube,  a  type  1B24  T-R  tube  and 
the  necessary  type  1N21  crystals  are  included  in  the  as¬ 
sembly.  A  20  db.  directional  coupler  permits  accurate 
measurements  to  be  made  at  any  time  with  a  maximum 
of  convenience  and  safety. 


R.  F.  Radar  unit  #412  (indicated  by 
Mterisk)  used  in  conjunction  with 
standord  PeMomay-Budd  transmit* 
sion  line  components. 

Writm  for  cotofog  oi 
ttandard  boitch  tost  oquipmonf. 


Since  the  use  of  radar  beacons  is  contemplated  in  the 
near  future,  the  unit  has  been  designed  with  a  beacon 
cavity  and  crystal  mount.  The  unit  can  be  supplied  with¬ 
out  the  beacon  cavity  and  crystal  mount  and  beacon  local 
oscillator,  and  a  termination  supplied  in  their  place  so 
that  it  becomes  a  simple  matter  to  convert  to  beacon 
operation  when  necessary. 


We  offer  complete  laboratory  research  facilities  and  have  avail¬ 
able  such  production  test  equipment  as:  Standing  Wave  Detectors, 
Calibrated  Attenuators,  Slug  Tuners,  Power  Supplies,  Square 
Wave  Modulators,  in  addition  to  transmission  line  components 
shown  in  diagram  above.  Write  for  information  or  catalog. 
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DC  MORNAY.BUDO,  INC. 

473  GRAND  CONCOURSE.  NEW  YORK,  N.  Y 
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RADIO  BUOY 


(continued) 


tion  to  an  air-spaced  parallel-plate 
capacitor  and  is  connected  across  the 
radio  low-voltage  circuits.  It  does 
not  operate  as  a  cell  until  sea  water 
becomes  the  electrolyte,  generates  a 
current  and  melts  a  steel  wire  which 
had  previously  prevented  a  switch 
from  closing. 

With  the  closing  of  the  switch, 
a  relay  switches  on  tube  heater  and 
anode  supplies.  A  subsidiary  sea 
cell  passes  current  in  a  similar  man¬ 
ner  when  its  circuit  has  been  com¬ 
pleted  by  the  first  switch.  The  cur¬ 
rent  through  the  second  circuit  oper¬ 
ates  a  series  of  relays  which  are  ar¬ 
ranged  so  that  any  subsequent  in¬ 
terruption  of  the  current  through 
the  second  sea  cell  connects  a  detona¬ 
tor  across  the  low-voltage  supply  and 
fires  it. 

Dry  Storage 

Prior  to  launching,  the  cells  are 
protected  by  thin  rubber  sleeves,  to 
prevent  the  accidental  ingress  of 
water  and  to  permit  the  safe  han¬ 
dling  of  the  buoy  should  the  deck 
of  the  launching  craft  be  awash. 
The  sleeves  are  automatically  re¬ 
moved  by  the  act  of  launching.  The 
Jellyfish  has  only  a  small  silhouette 
and  in  view  of  the  fact  that  it  de¬ 
pends  on  radar  for  recognition  pur¬ 
poses  this  is  a  great  advantage. 


THE  PLASTIC  PERFECTIONIST 


“In  conclusion,”  says  Felsy,  who  believes 
in  short  speeches,  “I  want  to  thank  all  of 
you  for  the  wonderful  cooperation  you 
have  given  the  Felsenthal  Organization 
during  the  difficult  years  just  past.  .  .  . 
And  to  promise  increasingly  finer  service 
in  the  years  ahead.”  .  .  . 


With  a  heart  pure  as  lucite,  skills  as 
flexible  as  Cellophane,  and  prices  lower 
than  the  melting-point  of  latex,  our  new 
trade-character  “Felsy”  will  meet  you  in 
these  pages.  .  .  .  Watch  for  him.  ...  He 
will  have  many  messages  of  timely  inter¬ 
est  for  everyone  whose  problems  involve 
injection  molding^  plastic  laminating,  or 
fabricating. 


TUBES  AT  WORK 


Write  for  booklet  3‘A  on  your  letterhead 


Som*  of  tho  2.000  tubei  in  tho  100-ton 
calculator  at  MIT.  Tho  diilorontial  analyzer 
contains  soTorol  thousand  relays,  150 
motors,  and  nearly  200  miles  of  wire 
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PLASTIC  TAPE 


Transparent  Fibron  Plastic  Tape  permits  ready  inspection. 
Plastic  gaskets  also  available. 

IRVINGTON 

^  a/njd 

Irvington  11,  New  Jersey,  U.S.A. 


Note  the  outstanding  characteristics  of  Fibron  Plastic  Tapes 
as  listed  below.  Plan  to  test  these  products  now.  Generous 
samples  will  be  gladly  sent  on  request. 


Whenever  equipment  wiring  must  withstand  severe  operating 
conditions,  attacks  from  moisture,  oils,  and  chemical  fumes 
as  well  as  mechanical  abuse,  wrap  harnesses  and  leads  with 
protective  Fibron  Plastic  Tape.  This  black  or  transparent  tape 
is  tough,  remains  flexible  at  low  temperatures,  and  has  good 
insulating  properties. 


Can  be  Fused  into  Homogeneous  Structure 
Ends  can  be  instantly  bonded  by  heat  sealing,  or  the  completely 
wrapped  harnesses  infra-red  or  oven  baked  to  form  a  solid 
mass  of  insulation. 


Outstanding  Properties 


of  Fibron  Plastic  Tapes 


Black 
.008" 
.012" 
.020" 
’2"  to  3" 
1000  VPM 


^5 

Transparent 

.020" 


Thicknesses 


w’idths 

Dielectric  Strength  (.012"  tape) 
Tensile  Strength,  lb.  per  sq.  in. 

(dumbell  specimen  tested) 
Elongation 

Brinleness  Temperature 
Bonding  Temperature  (depending 
on  method  used) 

Specific  Gravity 


1/2"  to  3" 
~50  VPM 


1600 

250%  to  400% 
—4 1  deg.  C. 


1600 

350% 

-38  deg.  C 


135°-155°C 

1.22 


130®-150'>C 

1.25 


Extremely  elastic,  Fibron  Plastic  Tape  wraps  smtMithl)  and 
evenly  over  irregular  surfaces  and  w'ill  not  bulk  in  sharp 
corners. 


lies 
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Current-force  Recording  in  Resistance  Welding 

By  J.  M.  Popp 

Special  ProducU  Division 
General  Electric  Co. 

Schenectady,  E.  Y. 


Resistance  welding  of  aluminum 
requires  a  relatively  large  current 
which  decays  to  zero  value  within 
approximately  one-sixth  of  a  second 
when  energy  storage  type  welding 
machines  are  used.  The  electrode 
force  is  relatively  high  at  first,  to 
insure  good  contact  between  the  sur¬ 
faces  to  be  welded.  It  is  then  de¬ 
creased  so  that  the  pieces  being 


recording  these  events  so  that  the 
operator  will  know  when  the  welding 
control  is  properly  adjusted. 

Today,  the  Navy  requires  that  all 
resistance  welding  machines  used 
for  welding  aluminum  aircraft  pri¬ 
mary  structures  be  checked  monthly 
to  make  certain  that  the  machines 
are  properly  adjusted.  To  comply 
with  this  Navy  specification,  resist¬ 


ance-welding  machine  operators 
make  use  of  the  current-force  re¬ 
corder  to  record  simultaneously  a 
timing  wave,  the  rapidly  changing 
electrode  force,  and  the  electrode 
current.  It  is  also  useful  in  welding 
research  and  the  records  are  helpful 
to  users  of  energy  storage  welding 
machines  in  determining  when  forge 
pressure  is  applied  to  the  work  with 
respect  to  the  discharge  of  welding 
current.  The  record  also  shows 
squeeze  time,  the  duration  and  mag¬ 
nitude  of  welding  current,  the  rate 
of  rise  of  forge  pressure,  and  the 
hold  time. 

The  equipment  includes  a  special 
electrode  holder  that  closely  re¬ 
sembles  a  standard  holder,  except 
that  resistance-wire  strain  gages  are 
attached  and  a  shunt  for  measuring 
current  is  built  in.  The  strain  gages 
are  arranged  in  a  bridge  circuit  to 
measure  the  compressive  strain, 
which  is  a  measure  of  the  force  in 
the  electrode.  The  shunt  diverts  from 
the  electrode  a  proportional  amount 
of  current  which  is  used  to  operate 
as  oscillograph  galvanometer. 

Operation 

A  5,000-cycle  carrier  voltage  from 
an  oscillator  unit  is  applied  to  two 
diametrically  opposite  points  on  the 
bridge  circuit.  The  output  from  the 
other  two  points  of  the  circuit  is  a 
measure  of  the  unbalance  of  the 
bridge.  While  the  strain  gages  are 
not  under  stress,  the  controls  are  ad¬ 
justed  so  that  the  bridge  has  a  mod¬ 
erate  output  corresponding  to  zero 


fitful'-"  AAAAAA/WmWM^mUWWWMAAAA/' 


Oscillographic  record  obtained  with  the  recorder  and  the  events  that  occur  during  the 

welding  cycle 


welded  will  not  be  badly  deformed 
while  the  larger  portion  of  the  weld¬ 
ing  current  flows  and  softens  the 
aluminum. 

Reduction  in  electrode  force  also 
increases  electrical  resistance  be¬ 
tween  the  parts  being  welded  and 
thus  smaller  current  will  produce  the 
same  heat  that  higher  current  would 
produce  without  the  reduction  in 
electrode  force.  During  the  decay 
time  of  the  welding  current,  the 
electrode  force  is  increased  to  its 
original  high  value  to  forge  the 
welded  metal  together. 

Recording  the  Cycle 

The  entire  welding  cycle  requires 
only  a  fraction  of  a  second  and  all 
the  various  events  must  be  accurately 
timed.  This  requires  careful  adjust¬ 
ment  of  the  controls  and  a  means  of 


Arrongemsnt  of  ossontial  circuits  in  the  General  Electric  current-force  recorder 
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TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Class  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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CURRENT-FORCE  RECORDING 


(continued) 


strain.  Variation  in  the  compressive 
force  on  the  special  electrode  holder 
causes  a  corresponding  change  in  the 
output  of  the  bridge  circuit. 

The  output  of  the  bridge  is  fed 
into  the  amplifier,  which  amplifies 
the  modulated  carrier,  and  rectifies 
and  filters  the  amplified  output.  This 
output  signal  is  then  fed  to  the  os¬ 
cillograph  where  the  record  is  made. 
The  output  of  the  amplifier  is  propor¬ 
tional  to  the  output  of  the  bridge, 
and  the  input  to  the  oscillograph  is, 
therefore,  a  measure  of  the  unbal¬ 
ance  of  the  bridge  and  of  the  com¬ 
pressive  force  in  the  special  electrode 
holder. 

Amplifier-Oscillograph 

The  amplifier-oscillograph  unit  is 
illustrated  in  Fig.  1.  It  consists  of  a 
single-channel  amplifier,  an  oscil¬ 
lator,  a  power  unit,  and  a  small  mag¬ 
netic  oscillograph.  This  electronic 
unit  can  be  used  with  resistance- 


men  Jo, 


!e  BesMy? 


An  eraser  is  an  important  part  of 
any  draftsman’s  equipment.  But  an 
eraser  can  do  plenty  of  damage  to 
your  drawings  if  lines  feather  when 
you  re-ink  over  an  erasure.  That’s 
why  Arkwright  Tracing  Cloth  is 
made  to  stand  erasures  and  still  take 
clear  sharp  lines  in  pencil  or  ink. 

High,  permanent  transparency, 
greater  strength,  and  freedom  from 


dirt,  specks,  pin-holes  and  other  im¬ 
perfections  have  made  Arkwright 
Tracing  Cloth  the  choice  of  ex|>eri- 
enced  draftsmen  for  over  twenty 
years.  That’s  a  record  you’d  do  well 
to  look  into,  and  learn  for  yourseit 
the  "reasons  why’’.  For  free  samples 
of  Arkwright  Tracing  Cloth  write  — 
right  now  —  to  Arkwright  Finishing 
Company,  Providence,  R.  I. 
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Left,  the  current-force  recorder  get  up  for 
timing  the  welding  cycle  of  on  energy- 
storage  welding  machine.  It  contains  o 
single^hannel  amplifier  at  lower  right  on 
the  panel,  oscillograph  at  upp>er  left  oscil¬ 
lator  at  upper  right,  and  power  supply  at 
lower  left 

wire-type,  electromagnetic,  or  mag- 
netro.‘<trictive  gages,  for  general-pur¬ 
pose  testing  such  as  measuring 
strain,  pressure,  and  other  values. 
The  minimum  permissible  impedance 
of  any  gage  used  with  this  equip¬ 
ment  is  100  ohms  at  a  frequency  of 
5,000  cycles. 

The  amplifier  has  four  stages  and 
is  stabilized  to  a  high  degree  against 
the  normal  variations  in  plate  volt¬ 
age  and  tube  characteristics.  Each 
amplifier  is  provided  with  a  filter  cir¬ 
cuit  to  suppress  both  the  carrier 


Some  oj  the  many 
different  varieties 
ojBW  Prints. 


BRUNING  BW  PRINTS? 


What  print-making  advantages 
does  the  Bruning  BW  system  give  me? 


BW  Prints— black  line  positive  prints  made 
from  your  tracings— cover  a  wide 
variety  of  needs.  In  addition  to  the  regular 
"  (medium-weight),  BW  Prints  may  also  be 
produced  on  a  lightweight  white  paper  for  greater  con¬ 
venience  in  filing.  BW  Prints,  too,  can  be  made  on  card- 
weight  paper  where  durability  is  required.  For  depart¬ 
mental  differentiation,  BW  Prints  may  be  made  with 
black,  brown  or  red  lines  on  green  tinted  paper,  or  brow'n 
and  red  lines  on  white  paper. 


Can  I  have  photographic  prints,  too? 


How  can  I  use  BW  transparents  and  BW  Him? 


The  Model  2  BW  and  Copyflex  Printer— one 
^  1  of  many  Bruning  machines— enables  you  to 

change  at  will  from  BW  Prints  to  Copyflex 
^  photographic  prints.  Copyflex  prints  may  be 
made  from  anything  drawn,  typed,  written  or  illustrated 
on  opaque  material  and  one  or  both  sides  of  the  original 
may  be  reproduced.  Increase  the  flexibility'  of  your  print 
production  w'ith  this  versatile  Bruning  equipment. 


\  BW  Transparents  safeguard  valuable 

original  tracings  by  providing  exact 
duplicates  on  thin,  transparent  paper.  BW 
Transparents  are  also  useful  in  making 
changes  without  altering  original  drawings.  BW  Film  — 
a  matte  finish  transparent  acetate  film  — is  used  to  intensify' 
the  lines  of  pencil  tracings  in  reproduction,  thus  increas¬ 
ing  printing  speed  and  assuring  clean,  sharp  detail  in 
subs^uent  BW  Prints  produced  from  the  BW  film. 


bruning  BW  SYSTEM 

and  d*v*»op»ng 


with  the 

lin. 

ro  fit  ev.ry  r*qoir«i«*"» 

A  continuing  •  •  • 

thing  for  th. 

^uipmwrt.  fioying  a  BW  r 

ono  timo  j  devolopment  in 

r.,ntinuina 


the  coetom- 


CHARLES  BRUNING  COMPANY,  INC. 

4712-20  Montrose  Avenue,  Chicago  41,  Illinois 
Gentlemen:  I  want  to  know  more  about  Bruning 
BW  Prints  and  equipment.  Please  send  me  informa¬ 
tion. 

Same  . . . . — 

Company  _ _ _  — 

Street  _ _  — . - 

City  _ _  State - - 


Since  1897 


NEW  YORK 
Atlanta 
Kantot  City 
St.  Louis 


LOS  ANOELES 
Houston 
Pittsburgh 


Boston 
Milwaukee 
Son  Francisco 


Detroit 

Newark 

Seattle 
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What  goes  on  beyond  8000 
cycles?  Do  you  know ...  or  do 
you  ^'suppose”  and  “hope”? 
No  more  of  that !  Now  you  can 
monitor  your  full  FM  range, 
clear  through  15,000  cycles. 
The  Altec  Lansing  Duplex  is 
available  for  immediate  de¬ 
livery.  See  your  dealer,  or 
write  to  us. 


the  altee  lansins  model  604 
duplex  loudspeaker  system 

Both  high  and  low  frequency  units 
are  combined  in  one  horn,  repro¬ 
ducing  the  entire  FM  range,  from 
50  to  15,000  cycles,  without  inter¬ 
modulation  effects  or  distortion. 
In  actual  performance  the  Altec 
Lansing  Loudspeaker  System  de¬ 
livers  up  to  500%  greater  effici¬ 
ency  in  monitoring,  radio,  public 
address  and  recording. 


“KEEP  AOVANCWS  mill  ALTEC  lANSIIK  ' 


CURRENT.FORCE  RECORDING  (continued) 

frequency  and  other  undesirable  fre¬ 
quencies  in  the  output  signal. 

On  the  front  panel  of  the  amplifier 
is  an  indicator  of  the  amplifier  out¬ 
put  in  d-c  milliamperes.  This  shows 
the  balance  of  the  bridge  circuit,  and 
provides  a  convenient  means  of  fre¬ 
quently  checking  the  amplifier  per¬ 
formance.  When  measuring  electrode 
force,  the  bridge  circuit  is  located  on 
the  special  electrode  holder. 

The  amplifier  gain  can  be  adjusted 
in  eleven  steps  by  means  of  the  at¬ 
tenuator  control.  The  highest-gain 
setting  on  the  attenuator  allows  two 
millivolts  input  to  be  amplified  to 
provide  200  milliamperes  output  cur¬ 
rent  into  a  two-ohm  load.  The  usable 
modulation  -  frequency  response  of 
the  amplifier  is  from  0  to  1,000  cycles 
per  second.  Zero-frequency  response  ' 
allows  static  calibration. 

The  oscillator  unit  furnishes  the 
necessary  a-c  excitation  for  the 
bridge  circuit  and  has  an  output  of 
5,000  cycles  at  approximately  10 
volts.  It  is  automatically  stabilized 
against  normal  variations  in  the  sup¬ 
ply  voltage  and  against  variations  in 
tube  characteristics. 

Oscillograph 

The  oscillograph  case  includes 
three  principal  systems:  the  optical 
system,  six  parallel  galvanometer 
channels,  and  the  photosensitive  ma¬ 
terial  transporting  mechanism. 

The  recording  paper  or  film  is  3i 
inches  wide  by  20  feet  long.  The  os¬ 
cillograph  is  designed  for  daylight 
loading  and  unloading.  The  film  is 
carried  in  the  front  end  of  the  oscil¬ 
lograph  (nearest  to  the  operator).  A 
motor  drives  the  film  at  a  speed  of 
approximately  10  inches  per  second. 
•  •  • 

Testing  Heat 
Exchanger  Tubing 

One  of  the  most  serious  problems 
in  oil  refineries,  chemical  plants,  and 
steam  power  plants  afloat  and  ashore 
has  been  the  constant  threat  of  fail¬ 
ure  of  the  tubing  in  heat  exchange 
equipment  due  to  internal  corrosion. 
Such  heat  exchange  equipment  con¬ 
sists  of  many  tubes  arranged  in  par¬ 
allel  and  gathered  into  bundles  in- 
.side  a  metal  container  or  shell. 
Through  the  tubes  of  heat  exchang¬ 
ers,  used  in  the  petroleum  industry 
for  example,  pass  all  crude  oils  en 
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Tka  Modal  Or-11)  Dacada  Box  ia  aa  inatraMaat 
4aai(Bad  to  aarrlca  by  aabatitatioa  any  coa- 
daaaar  ia  a  radio  racaivar  froa  .0001  ofd 
Mica  Bait  or  a  40  afd  fillar  nait.  Tbara 
ara  82  iadividaal  Mica  aad  oil  fillad  papar 
condeaaara  arraagad  bi  13  iaolatad  aat  works, 
aoB-iaiorlockiag,  perMittiag  aarvieiag  of 
froM  oa'a  to  13  coadensera  at  tha  aaae  liMa. 
Mo  alaetrolytic  coadaasara  bava  beaa  B«ad  ia 
thia  iaatrnaeat  thna, 
no  Bead  to  obaarva 
polarity  whea  Making 
testa.  A  whole  shop 
full  of  coadenseht 
la  one  box. 


S  99.50 


fillTlGRflPH 


Pilagraph,  a  soaad  davico  for  racording  aad 
reproducing  sound  oa  fila  iaatantaneously 
and  at  low  cost, 

Pilagraph  recordings  are  raprodneed  with 
high  fidelity  and  la  voluae  froa  a  whisper 
to  tones  loud  enough  to  fill  aa  aaditoriua: 
The  sound  track  is  iadaatad,  not  cut,  into 
tha  fila  aad  the  recording  any  be  played 
back  iastaataasonsly  without  treataent  or 
processing  of  say  kind. 

Pilagraph  is  a  coaplata  portable  recorder 
aad  reproducer  equipped  with  aaplifier. 
speaker.  Microphone,  cables,  and  controls. 
Pilagraph  can  also  be  used  as  a  public  ad¬ 
dress  systaa.  Designed  to 
operate  oa  110  Tolts  at  60 
cycles  AC  or  froa  any 
other  cnrrast  by  using 
a  suitable  converter  or 
step  down  transforaer. 


tttMl:  10%  MPOtlT  WITM  OIDIt-OAlANCI  C  O.  D. 


LIBERTY  SALES  CO.,  me 

115  WIST  BROADWAY  •  NEW  YORK  13,  N.  Y. 
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Creative  engineering  at  Bliley  is  never 
at  a  standstill.  Since  the  early  days  of  home 
built  sets  to  the  present  era  of  frequency 

modulation,  radar  and  world  wide  communications,  ^ 

Bliley  techniquality  has  kept  pace  with  every  important 
development  in  communications  engineering.  With  Bliley  techniquality 
"at  the  controls”  frequency  precision  is  never  a  problem.  Bliley  techni¬ 
quality  signifies  original  engineering  and  ”follow-through”  It’s  an  ability 
that  has  been  developed  through  15  years  of  frequency  control  engineering 
exclusively  To  communications  engineers  the  world  over  Bliley  techni¬ 
quality  means  the  right  crystal  for  the  specific  job. 


Radio  Engineers 
writ*  for 
bulletin  E>27 


electronics 


WEIGHT 


chS?«is"« 

OUTPUT 


"Ag  VOLTAGE 

sa^^^u^Gs 

^Si\  xYPE  Gf  TERMI 
143^ type  of  groi 


WEBSTER  ELECTRIC  CARTRIDGES 
MEET  THEM  FOR: 


Webster  Electric  Cartriilges  are  carefully  designed  and 
nianiifactured  under  highest  quality  standards.  'Fhev  have 
been  on  the  market  for  years,  and  during  this  time  have 
proved  their  value  for  long  life  and  top  performance. 

You’ll  find  that  all  models  offer  exceptionally  uniform 
response  over  a  desired  range  of  frequencies,  and  are  made 
to  give  low  distortion  and  minimum  needle  noise. 

In  addition  to  the  Webster  Electric  line  of  cartridges, 
complete  tone  arm  assemblies  of  improved  design  are 
available  for  incorporating  in  new  equipment. 

For  full  information  on  both  cartridges  and  lone  arms, 
write  today  to  Webster  Electric  Company,  Kacine,  Wis. 

{Licensed  under  pnlenis  of  the  Brush  Itevelopmem  Company) 

WEBSTER  |H  ELECTRIC 

"ACNE  1^^  WISCONSIN 

EHtablished  1909 

ExpoH  l}*pt.  13  E.  40lh  SIrMt,  N«w  Yerii  (16),  N.  Y.  CobI*  Acldr«»«  **61166''  N«w  Yerii  CHy 

**Where  Quality  is  a  Rasponsibllity  and  Fair  Dealing  an  Obligation’' 


®  The  )\ehstcr  Elc<*lric  line  of  «*arlridgcs  offers  a  complete 
selection  to  meet  the  reqiiiremeiils  of  >our  present  day 
ilesigns,  for  you  are  able  to  select  a  cartridge  with  your 
requirements  for  all  of  the  above  characteristics. 


TESTING  TUBING  (continued) 

route  to  refining  process  equipmeni. 
These  oils  are  heated  in  the  exchang¬ 
ers  by  an  exchange  of  heat  from 
outgoing  gases  or  liquid  on  the  out¬ 
side  of  the  tubes.  The  condensing  of 
gasoline  from  a  vapor  to  usable  liq¬ 
uid  is  performed  in  condensers  where 
the  outgoing  gases  pass  around  many 
tubes  cooled  internally  by  a  constant 
flow  of  water.  Similar  equipment  is 
used  in  chemical  plants  and  in  steam 
power  plants. 

To  offset  corrosion,  engineers 
make  generous  allowances  in  the  de¬ 
sign  of  heat  exchange  equipment. 
Testing  is  done  by  forcing  water  into 
the  shell  of  the  exchanger  around 


Sample  record  made  with  the  Proboloq 
when  used  to  test  a  section  of  tubing  that 
has  had  holes  and  other  defects  portioned 
along  its  length 

the  tubes,  so  that  tubes  which  fail 
completely  are  detected  by  water 
leakage.  Another  test  method  is  to 
cut  out  and  split  open  individual 
tubes  from  different  sections  of  the 
exchanger  bundle  for  visual  inspec¬ 
tion  or  examination  by  chemical, 
physical,  or  metallurgical  tests. 

Electronic  Tester 

To  fill  the  need  for  a  nondestruc¬ 
tive  test,  a  new  electronic  instrument 
has  been  developed  that  detects  and 
records  quantitatively  all  types  of 
irregularities  in  tubes  of  nonmag¬ 
netic  metals,  including  such  defects 
as  pinholes,  cracks,  corrosion  and 
erosion  pita,  difference  in  wall  thick- 


178 


August.  7946  — ELECTRONICS 


IxSrimeSanWveitlgat^ 


hops  are  boffhnoiking  yoor  assembly  liaos? 
yea  want  the  best  loop  for  year  set? 
you  are  cost  conscious? 

for  large  scale  delivery  of 


A  radio  engineer's  dream  come  true!  The 
greatest  development  in  loop  antenna  design 
and  manufacture  since  19201  Flat  sheets  of 
copper  die-stamped  into  perfect  supersensitive 
loops  •  •  •  air  dielectric  throughout  their  entire 
length  •  •  .  being  rectangular  they  have  27% 
more  effective  area  •  •  •  better  performance  at 
lower  cost  •  •  •  no  set  builder  can  afford  to  over^ 
.look  the  significance  of  the  AIRLOOP. 


HUNDREDS  OF  THOUSANDS 
ARE  NOW  BEING  PRODUCED 
FOR  SOME  OF  THE  LARGEST 
MANUFACTURERS  OF 
RADIO  RECEIVERS. 

Compare  these  AIRLOOP  values 
with  conventional  loop  values  and 
you  too  will  SPICIFY  AIRIOOPS. 

^  Optimum  sensitivity 

•  High  uniform  ''Q'  over  entire 
bond 

^  Inductance  to  close  toleronce 
without  adjustoble  turn 

•  Low  distributed  capocity 

•  27%  greater  effective  loop  area 

•  Electrical  and  mechanical  stability 

•  Backboard  and  loop  in  one 

•  lower  cost 

•  Elimination  of  individual  loop 
adjustment  on  assembly  line 

^  Maximum  space  utilization 

^  No  haywire 


175  VARICK  ST.,  NEW  YORK  14,  N.  Yl 
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TESTING  TUBING 


(continued) 


Another  distinguished 
product  of  ADC  specialists 
in  audio  and  electronic 
equipment. 


ness,  and  differences  in  chemical  com¬ 
position.  It  is  portable,  and  can  be 
operated  by  one  man  at  the  normal 
location  of  the  exchanger  in  the  plant. 
It  inspects  the  tubes  from  the  inside 
and  requires  no  preparation  of  the 
equipment  before  inspection  other 
than  removal  of  the  exchanger  head. 
It  may  be  operated  either  as  an  in¬ 
dicator  to  make  a  record  that  can  be 
retained  for  direct  comparison  with 
those  of  other  tubes  or  with  those 
from  other  inspections  of  the  same 
tube  at  different  lengths  of  service. 

The  new  electronic  instrument, 
called  the  Probolog,  is  a  product  of 
Shell  Development  Co.  It  performs 
routine  testing  of  nonmagnetic  tubes, 


For  important  applications  requiring  extreme  quality  in  repro¬ 
duction  of  sound,  you’ll  appreciate  the  superb  performance  of  this 
compact,  dependable  unit— the  ADC  10  watt  Line  Amplifier. 

Originally  designed  to  meet  the  exacting  needs  of  wired  music 
applications,  this  high  fidelity  amplifier  is  also  excellent  for  use  as 
a  line  or  monitoring  unit  for  recording  studios  and  similar  installa¬ 
tions  where  wide-range  tonal  quality  must  be  preserved.  These 
typical  features  suggest  the  superior  results  you  will  get  with  an 
ADC  Line  Amplifier. 


Complete  equipment  for  determining  de¬ 
fects  in  tubing.  The  probe,  inside  the 
sample  tube  at  lower  right,  is  pulled 
through  tubing  by  the  automatic  unit  at 
left.  Six  electronic  tubes  are  in  the 
recorder  at  right 


and  consists  of  one  or  more  inter¬ 
changeable  probes  of  different  di¬ 
ameters,  a  mechanical  probe  puller, 
usually  synchronized  with  the  chart 
drive  of  the  recorder,  and  an  elec¬ 
tronic  recorder,  equipped  with  a  con¬ 
tinuous  strip-chart  but  also  incor¬ 
porating  a  neon  lamp  as  an  indicator. 
Any  defect  encountered  by  the  probe 
upsets  the  balance  in  the  bridge  cir¬ 
cuit  of  which  the  probe  is  a  part.  This 
is  transmitted  to  the  recorder  by  the 
electronic  amplifier  to  make  a  char¬ 
acteristic  record  of  each  defect. 

Operation 

The  instrument  is  first  used  as  a 
visual  indicator  and  a  rapid  prelim¬ 
inary  survey  is  made  of  all  the  tubes. 
The  electronic  equipment  is  adjusted 
to  flash  the  neon  lamp  whenever  a 
signal  exceeding  a  specified  mini¬ 
mum  intensity  is  transmitted  by  the 
probe,  and  the  operator  explores 
the  tubes  as  rapidly  as  he  can  draw 
the  probe  through.  Those  tube.'s 


CHECK  THESE  FEATURES 


DELIVERS  FULL  10  WATTS  of  audio 
power  at  any  frequency  between  50  and 
10,000  cycles;  no  harmonic  component  of 
any  fundamental  exceeds  2f/c  at  10  watts 
output. 

NO  INTER-MODULATION  product  of  50 
and  1000  cycles  is  greater  than  2%  at  10 
watts  output. 

FREQUENCY  RESPONSE  is  flat  within 
:i:l  db  between  50  and  10,000  cycles 
(bass  and  treble  boost  in  off  position). 

LOW  HUM  LEVEL*  Noise  and  hum  level  is 
more  than  65  db  below  maximum  output. 


INDIRECT  LIGHTED  PANEL  of  lucite,  on 
front  of  chassis,  has  volume  control  and 
on-off  switch.  Very  neat  and  attractive. 
All  connections  plug-in  at  rear. 

OVER  20  DR  IASS  BOOST  and  over  17 
db  treble  boost  are  provided;  screw¬ 
driver  type  slotted  controls  are  on  chassis 
proper.  Gain  Limit  Control  can  be  set  to 
maximum  level  to  which  installation 
should  be  held. 

RUGGED  AND  COMPACT.  Unit  is 
housed  in  heavy  steel  cabinet;  attractive 
grill  cover.  Overall  size:  16'  x  8'  x  7'. 


WRITE  TODAY  for  fret  catalog  sheets  de¬ 
scribing  complete  line  of  ADC  Amplifiers. 
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ry 

OPERATING 

CHARACTERISTICS: 

CONTACT  RATING 

6  amps,  at  450  volts  AC 
or  DC  (maximum). 

NEATER  INPUT 

5  watts  nominal  continu* 
ous  excitation  at  up  to 
150  volts  AC/DC 

DELAY  PERIOD 

5  seconds  to  8  minutes, 
preset  at  factory. 

CONTACTS 

s.p.s.t.;  normally  open  or 
normally  closed. 

DIMENSIONS 

IV^"  diameter  x  3^4" 
height  (seated). 

AMBIENT  RANGE 

compensated  for  opera* 
tion  from  —65*  C  to 
4-100"  C 

WEIGHT 

0.08  lb. 

MOUNTING 

Standard  octal  or  4* 
pronged  tube  base. 


Can  this  NEW 

I 

Thermal  Relay 
fit  your  needs? 


Engineers  are  finding  many  new  applications 
for  this  versatile  new  relay— to  simplify  and 
improve  control  circuits  of  many  types. 

Timing,  such  as  delaying  plate  Current  appli¬ 
cation  to  thermionic  tubes,  is  only  one  of  its 
uses.  In  addition,  it  indicates  or  controls 
over-  or  under-oirrent  or  voltage.  It  carries 
heavy  AC  or  DC  loads;  it  prevents  chatter 
when  actuated  by  delicate  controls.  Its  in¬ 
sensitivity  to  transients  stems  from  heat 
storage,  hence  it  can  be  used  as  an  energy 
integrator.  It  can  do  dozens  of  jobs  better, 
at  lower  cost,  than  other  types  of  relays. 

Operating  Principle  and  Advantages 

THE  EDISON  MODEL  501  Thermal  Relay  op¬ 
erates  its  contacts  by  an  electrical  heater, 
rather  than  a  magnetic  coil.  This  principle 
results  in  unusual  timing  characteristics,  in¬ 
sensitivity  to  transients,  non-inductive  load¬ 
ing,  AC/DC  operation,  simple  construction. 

The  design  of  the  Edison  Model  301  adds 
other  advanta'ges.  The  entire  mechanism  is 
hermetically  sealed  in  glass,  which  protects 
all  parts  from  dust,  dirt,  corrosion;  guaran¬ 
tees  consistent  operation  and  long,  useful 
life;  makes  operation  independent  of  atmos¬ 
pheric  pressure  or  humidity.  The  contacts 
operate  noiselessly  in  an  arc-quenching  at¬ 
mosphere,  therefore  have  equal  AC/DC 
current  ratings.  A  compensating  bimetal 
assures  uniform  response  time  regardless  of 
the  ambient  temperature.  The  relay  will  op¬ 
erate  in  any  position.  Both  thermodynamic 
and  mechanical  design  assure  consistent  op¬ 


eration,  and  permit  a  wide  range  of  characteristics. 


ARE  THESE  PROPERTIES  useful  to  you.^  Edison  Engineers  may  be  able  to  help 
in  applying  the  Model  301  Thermal  Relay,  the  Sensitive  Magnetic  Relay, 
Sealed  Thermostats,  or  other  specialized  Edison  controls  to  your  problem. 
A  letter  giving  as  much  data  as  possible  on  your  proposed  use  will  receive 
prompt  attention.  Address  Instrument  Division,  Thomas  A.  Edison,  Incor¬ 
porated,  11  Lakeside  Avenue,  West  Orange,  New  Jersey. 
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TESTING  TUBING  (continusd) 

which  are  shown  by  flashes  of  the 
lamp  to  contain  a  defective  area  are 
marked  for  further  inspection,  and 
the  remainder  passed  as  satisfactory. 

A  second  inspection  of  the  marked 
tubes  is  then  made,  using  the  strip- 
chart  recorder  and  the  probe  puller 
synchronized  so  as  to  draw  the  probe 
through  the  tube  at  a  standard  rate 
of  speed.  A  permanent  record  is  thus 
obtained  of  the  internal  condition  of 
each  suspected  tube,  in  which  each 
defect  is  not  only  shown  graphically 
but  is  located  along  the  tube.  The 
record  of  a  faulty  tube  consists  of  a 
series  of  deflections  from  a  central 
line  (at  which  the  pen  is  originally 
set  by  testing  a  tube  known  to  be  in 
good  condition)  and  the  magnitude 
of  each  deflection  is  proportional  to 
the  extent  of  the  particular  defect. 


Electronics  In  Medicine 

Medical  laboratories  are  now  able 
to  eliminate  manual  difficulties  and 
human  errors  in  taking  and  record¬ 
ing  temperatures  of  animals  em¬ 
ployed  for  pyrogen  testing  through 
the  use  of  a  recently  developed  elec¬ 
tronic  three-point  testing  assembly. 
It  consists  of  an  unbreakable  stain¬ 
less  steel  thermometer,  an  electronic 
precision  indicator  that  permits  the 
taking  of  temperatures  of  48  animals 
at  one  time  in  a  matter  of  seconds, 
and  an  electronic  recorder  that  pro¬ 
vides  permanent  records  for  the  gov¬ 
ernment  and  distributors. 

A  pyrogen  test,  prescribed  by  law, 
is  the  taking  of  animal  temperature 
before  and  after  the  animals  receive 
an  injection  of  a  drug  eventually  in¬ 
tended  for  the  relief  of  human  illness 
and  suffering.  The  purpose  of  the 
test  is  to  determine  the  quality  of 
the  drug  and  whether  or  to  what 
degree  the  drug  will  create  a  fever 
or  cause  unfavorable  reactions  when 
administered.  The  new  testing  equip¬ 
ment,  developed  by  Brown  Instru¬ 
ment  Company  of  Philadelphia,  as¬ 
sures  production  of  more  perfect 
drugs  and  provides  the  Food  and 
Drug  Administration  with  a  perma¬ 
nent  and  electronically  produced 
record.  Although  the  pyrogen  test¬ 
ing  equipment  is  now  being  used  only 
for  the  taking  of  animal  tempera¬ 
tures,  it  is  believed  the  new  develop¬ 
ment  may  find  use  in  hospitals  for 
taking  temperatures  of  the  sick. 
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THE  NON  METALUCS 


STANDARD  &  SPECIAL  FORMS 


DESCRIPTIVE  LITERATURE 


Estctlished  1895  ..  Manufacturers  of  Laminated  Plastics  since  1911 — NEWAlWi  1  h  •  1) E L  AWA l\  E 


Paper  base  Grade  XX  Dilecto  part 
used  in  electrical  equipment  as  an 
insulating  terminal  board  ...  a 
strong,  durable  laminate  with  high 
electrical  insulating  properties  and 
stability  under  extremes  of  tern* 
perature  and  moisture  conditions. 


C-D  PRODUCTS 


As  shown  in  New  C-D  Bulletin 
GF-46  spotUghting  properties 
oi  part  illustrated. 


DILECTO — Thermosetting  Laminates. 

CELORON — A  Molded  Phenolic. 

DILECTENE — A  Pure  Resin  Plastic  Especially  Suited  to 
U-H-F  Insulation. 

HAVEG — Plastic  Chemical  Equipment,  Pipe,  Valves 
and  Fittings. 


For  help  in  selecting  and  applying  the  non-metallic  that  will  give 
you  what  you  want  in  more  effective  insulation,  let  a  C-D 
technician  work  it  out  with  you.  Make  use  of  our  research  and 
engineering  facilities  which  for  half  a  century  have  kept  up 
with  the  rising  standards  of  product  performance. 

The  right  time  to  decide  what  material  to  use  is  while  your 
product  is  in  the  planning  stage  .  .  .  E)efore  blueprints  and  de¬ 
tailed  specifications  are  completed.  Save  yourself  costly  errors 
in  production  and  performance  by  knowing  in  advance  the  non- 
metallic  that  best  meets  your  required  electriccd  and  physical 
properties. 

As  a  starter,  send  for  our  new  Bulletin  GF-46 

1  rsirJouA  m 

which  contains  engineering  data  on  the  complete 

line  of  C-D  insulating  materials. 

SIC(;-46 


DIAMOND  Vulcanized  FIBRE. 

VULCOID — Resin  Impregnated  Vulcanized  Fibre. 
MICABOND — Built-Up  Mica  Electrical  Insulation, 


Available  in  Standard  Sheets,  Rods  and  Tubes;  and 
Parts  Fabricated,  Formed  or  Molded  to  Specifications. 


Bulletin  GF  gives  Comprehensive  Data  on  all  C-D 
Products.  Individual  Catalogs  ate  also  available 
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Electrical  Solution  of  Thermal  Problems 

By  Frank  Gordon  Willey 

Project  Engineer 

Fairchild  Camera  and  Inst.  Corp. 

New  York,  N.  Y. 


Cathode-ray  oscillographic  plots 
of  electrical  analogies  of  physical 
phenomena  can  sometimes  be  made 
more  quickly  than  the  actual  phe¬ 
nomena  can  be  studied.  For  example, 
temperature  response  of  turbine 
blades  of  jet  power  plants  had  to  be 
determined.  Manufacturers  chose  as 
a  standard  of  comparison  the  re¬ 
sponse  of  a  steel  rod  immersed  in  an 
air  stream  of  definite  temperature 
and  velocity.  The  problem  was  then 


to  accurately  establish  the  response 
of  the  standard.  By  using  an  elec¬ 
trical  analogy,  the  solution  was  ob¬ 
tained  simply  and  with  a  great  sav¬ 
ing  of  man-hours  and  tedious  calcu¬ 
lations.  The  technique  has  applica¬ 
tions  in  allied  fields. 

Use  of  Analogies 

Thermal,  mechanical,  and  electri¬ 
cal  engineering  are  analogous  in 
many  respects.  Often  a  difficult  prob¬ 


lem  in  its  own  field  can  be  solved  ex¬ 
peditiously  by  setting  up  and  observ¬ 
ing  its  analogue  in  one  of  the  other 
fields.  For  example,  in  the  problem 
at  hand,  determination  of  heat  flow 
and  maximum  temperature,  espe¬ 
cially  at  specific  locations  inside  the 
solid,  by  measurement  is  extremely 
difficult.  Furthermore,  transients 
create  additional  problems  over  those 
of  steady  state  conditions.  In  par¬ 
ticular  it  was  essential  to  know  the 
time  lag  in  the  heat  transfer  to  avoid 
overshooting  the  required  tempera¬ 
ture  conditions^ 

To  set  up  an  electrical  analogue  of 
a  thermal  system,  the  analogous 
quantities  shown  in  Table  I  are  used. 
A  circuit  is  set  up  using  electrical  re¬ 
sistance  in  place  of  thermal  resis¬ 
tance,  capacitance  in  place  of  ther¬ 
mal  storage  capacity,  a  voltage  source 


Fig.  1 — ^Rod  and  cylinder  used  to  illustrate 
electrical  method  of  soleing  thermal 
problems 


— either  constant,  periodic,  or  tran¬ 
sient  as  required — in  place  of  a  tem¬ 
perature  source,  and  current  flow  for 
heat  flow.  Temperature  at  any  point 
in  the  circuit  is  then  represented  by 
voltage.  The  circuit  constants  may 
be  chosen  so  that  the  analogue  oper¬ 
ates  at  a  slower  or  faster  speed  than 
the  prototype,  as  best  suits  the  con¬ 
venience  of  the  operator  and  the 
measuring  instruments.  A  calculat¬ 
ing  board  using  these  principles  can 
solve  the  most  difficult  problems  in  a 
few  hours*.  The  technique  used  for 
the  problem  at  hand  gives  results 
within  seconds. 

Assume  that  the  rod  and  cylinder 
of  Fig.  1  are  at  a  constant  uniform 
temperature.  The  extreme  end  of  the 
rod  is  brought  to  a  new  constant  tem- 


Toble  I — Analogous  Units  and  Equations 


Electricity 
Quantity  of  charge 

Q 

Rate  of  current  flow 
dQ 
dl 

Electromotive  force  (volts) 
E 

Electrical  conductivity 
p 

Electrical  resistance 


Heat 

Quantity  of  heat 
9 

Rate  of  heat  flow 
dq 
dl 

Temperature 
T 

Thermal  conductivity 
K 

Resistance  to  heat  flow 
L 
KA 

Thermal  capacity  is  the  product  of 
specific  heat  (5),  volume  (F),  and 
density  (p),  and  equals  the  quantity 
of  heat  required  to  raise  a  given  mass 
one  unit  of  temperature. 

SVp 

The  temperature  difference  (AT) 
between  two  points  is  the  product  of 
the  thermal  resistance  between  those 
points  and  the  heat  flowing  between 
them. 

T  T  1=  f*  dq 

KA  dl 

The  quantity  of  heat  required  to 
change  the  temperature  of  a  mass 
AT  degrees,  where  AT  =  Ti  —  Tt, 
equals  the  product  of  the  dermal 
capacity  of  the  mass  and  that  tem¬ 
perature  difference. 
q  =  (5Fp)  AT 

Note:  In*notations  dealing  with  heat,  it  is  established  practice  to  use  p  for 
density  of  the  body  under  discussion;  in  notations  dealing  with  electricity, 
p  is  conventionally  used  for  unit  conductivity.  The  two  uses  should  not  ^ 
confused. 


Capacitance  is  the  quantity  of  charge 
required  to  raise  the  potential  differ¬ 
ence  across  a  capacitor  one  unit  of 
potential 
C 

Potential  difference  (AE)  between 
two  points  is  the  product  of  the  re¬ 
sistance  between  the  two  points  and 
the  current  flowing  between  them. 
El-  Et=‘  I R 

The  quantity  of  charge  required  to 
change  the  potential  across  a  capaci¬ 
tor  equals  the  product  of  the  capaci¬ 
tance  and  that  potential  difference. 

Q  =  CAE 
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INTERESTED 
LARGE  PLASTIC 
PIECES? 


Dispelling  the  time-worn  theory  that 
large  molded  plastic  pieces  are  imprac¬ 
tical  and  uneconomical,  these  Admiral 
phonograph  and  radio-phonograph 
cabinets  effectively  demonstrate  that 
large  products  as  well  as  small  can  be 
molded  of  Durez  phenolic  plastics. 
The  bigger  cabinet  (right)  when  as¬ 
sembled  contains  a  five-tube  radio  and 
automatic  record  player.  The  molded 
Durez  body  weighs  9^2  pounds  and  the 
cover  31/2  pounds.  This  makes  a  total 
cabinet  weight  of  only  13  pounds. 


molding  operation  considerably  and 
results  in  the  strong,  attractive  cabi¬ 
net  shown. 

The  smaller  unit.  Admiral’s  automatic 
record  player,  is  also  molded  of  Durez 
but  in  a  3(X)-ton  press. 


Why  Plastics? 

The  progressive  Admiral  Corporation 
experimented  and  found  that  for  top 
quality  cabinets  of  this  type — having 
light  weight  and  an  integral,  lustrous 
finish,  plastics  were  better  suited  than 
any  other  material. 


Why  Durez  Phenolic  Plastics? 

As  specialists  in  the  production  of 
phenolic  plastics  for  the  past  quarter 
century,  the  Durez  staff  have  developed 
more  than  300  multi-propertied  Durez 
phenolic  molding  compounds  from 
which  to  select  the  plastic  that  pre¬ 
cisely  fits  the  job. 


Write  for  Free  Booklet 


Radio  Frequency  Preheat 

Compression-molded  in  a  400-ton 
press,  the  special  Durez  compound 
used  in  this  larger  unit  is  preheated 
by  radio  frequency.  This  modern 
method  of  production  facilitates  the 


Why  Phenolic  Plastics? 

The  excellent  moldability,  impact 
strength,  eye-appealing  finish,  and  the 
non-resonance  of  phenolic  plastics 
proved  the  decisive  factors  in  the  choice 
of  these  most-versatile-of-all-plastics. 


"Machining  ITata  on  Phenolic  Plastics" 
is  an  informative  manual  which  covers 
all  the  standard  machining  operations 
encountered  in  the  average  plant.  Write 
for  your  free  copy.  No  obligation,  of 
course.  Durez  Plastics  &  Chemicals, 
Inc.,  88  Walck  Road,  North  T onawanda. 
New  York,  ,4iletits:  Ottwi  Products 

Lorporalion  40  Last  34th  Street.  !7^eir  york 

it.  yj.  y. 


«  IROUIW* 


^  PHENOLIC 
RESINS 


OR.  SOUmiE  RCSIilS 


PLASTICS  THAT  FIT  THC  JOB 
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THERMAL  PROBLEMS 


(continued) 


perature.  (A  hypothetical  “infinite 
source”  of  heat  is  assumed.)  The 
temperature  of  the  large  mass  is  to 
be  determined  with  respect  to  time. 

Making  the  simplifying  assump¬ 
tions  that  the  thermal  capacity  of  the 
rod,  the  thermal  resistivity  of  the 
cylinder,  and  the  heat  loss  from  all 
outside  surfaces  are  all  negligible, 
one  sets  up  the  circuit  of  Fig.  2.  The 


oRWlc> 


C 


WIRE  COMPANY 


15  Park  How,  New  York  7,  N.Y. 


MclcIq.  btj  2n^lnQQti  ^<yt  ^InalnQQti  " 


Fig.  2 — Equirolent  circuit  showing  oloctri- 
col  (hoot)  sourco  and  resistanco-capaci- 
tanco  load  (rod  and  cylindor) 


equations  for  the  thermal  and  the 
electrical  systems  are 

(1) 

=  =  (2) 

where 

AT  :  suddenly  applied  tempera¬ 
ture  difference 
L  :  length  of  rod 
A  :  area  normal  to  axial  of  rod 
V  :  volume  of  cylinder 
:  battery  voltage 

Let  T  and  E  represent  the  temper- 
ture  of  the  cylinder  and  the  voltage 
of  the  capacitor  that  represents  it 
respectively.  The  solutions  of  Eq.  1 
and  2  are  then 

^  =  I  -  .  — c  (3) 


^  =  1  -  t-t/iL/KA)iSVP)  (4) 

Thus,  if  RC  is  made  equal  to  some 
value  N(L/KA)  (SVp),  the  two  sys- 
;  terns  are  equivalent,  except  that  the 
corresponding  action  in  the  electri¬ 
cal  system  will  occur  at  1/N  times 
the  speed  of  the  thermal  system.  The 
electrical  solution,  obtained  oscil- 
lographically  in  less  than  a  second, 
and  the  results  of  thermal  measure¬ 
ments  are  shown  in  Fig.  3.  Discrep¬ 
ancies  between  the  two  curves  are 
due  to  the  simplifying  assumptions. 
I  Were  the  heat  flow  radially  instead 
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NEW  YORK  CITY  1 


*ttadio  City  'Frj^duets  has  built 
and  sold  more  va'buym  tube  volt¬ 
meters  than  any  other  rha^fufaeturer 
in  the  world, 


VACUUM  TUBE  AC  AND  VACUUM 
TUBE  DC  voltmeter,  provided  in  this 
quality  test  unit.  A  highly  accurate 
instrunr^ent,  sensitive  and  flexible, 
designed  to  speed  production  and 
laboratory  test  work. 


ACCURACY- 


Adjustable  line  voltage 
compensator  assures  complete  accuracy 
on  all  capacity  readings.  Constant  ac¬ 
curacy  of  low  resistance  ohmmeter 
ranges  assured  by  test  of  ohmnieter 
battery  under  load  to  determine  need 
for  battery  replacement.  Accurate  ca- 
pacitymeter  reads  direct  in  microfarads 
—  40.000.000  to  1  measurement  ratio. 


★  DC  VACUUM-TUBE  VOLTMETER  ^Direct  Reading 
Sensitivity:  160  to  16  megohms.  Six  ranges:  0-6-30- 1 50-600- 
1500-6000  Volts.  Voltmeter  readings  can  be  taken  without 
afFecting  circuit  contents. 

★  AC  VACUUM-TUBE  VOLTMETER  ^Direct  Reading, 
input  capacity  0.00005  mfd.  at  terminals  of  instrument. 
Input  resistance:  160  to  16  megohms.  Seven  ranges 
0-3-6-30-150-600-1500-6000  volts.  Measures  signal  and  out¬ 
put  voltages  from  10  cps  to  10,000  cps. 

★  VACUUM  TUBE  OHMMETER  —Direct  reading.  From 
0.1  ohm  to  1,000  megohms.  Seven  ranges:  0-1,000-10,- 
000-100,000  ohms;  I-  10-  100-  1,000  megohms. 

★  CAPACITY  METER  — Accurate  measurements  from 
0.00005  to  2,000  mfd.  Seven  ranges:  0-0.002-0.02-0.2- 
2-20-200-2,000  mfd. 

MODEL  668.  Size  9%"  x  x  7%".  Weight  7%  lbs. 
Available  for  110  volt,  60  cycles  a.c.;  210-270  volt,  50-60 
cycles. 


Meter  cannot  be  damaged  by 
using  low  range  on  high  voltage  read¬ 
ing.  No  danger  of  shock  on  high  resist¬ 
ance  or  low  capacity  measurements. 
Entire  instrument  is  thoroughly  shield¬ 
ed.  Easy  replacement  of  line  fuse  at 
front  panel. 


LIMIT  BRIDGES,  VACUUM  TUBE  VOLTMETERS,  VOLT- 
ANALYZER  UNITS,  TUBE  TESTERS,  MULTI  -  TESTERS, 


MANUFACTURERS  OP  PRECISION  ELECTRONIC 
OHM-MILLIAMMETERS,  SIGNAL  GENERATORS 
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m  4mrAPPlKAVONADVAm<XOf 

Marion  Glass -to -Metal  Truly  Hermetitally  Sealed 
2^”  and  3V2”  ElertrUal  Indkatiag  Instruments 


Menton  hermetics*’  oiier  new  flexibility  in  application,  stocking  and  soles. 
Just  one  instrument,  with  its  appropriate  flanges,  fills  four  different  require¬ 
ments  .  .  .  the  only  thing  that's  necessary  is  to  fit  the  flange  to  the  need  in 
question.  In  addition  to  being  truly  hermetically  sealed,  these  instruments 
are  magnetically  and  electrostatically  shielded.  And  are  supplied  with 

InterthmgeMe  Round  and  Square  Colored  Flanges 


THERMAL  PROBLEMS  (continued) 

of  axially,  it  would  be  necessary  to 
use  a  tapered  network  of  as  many 
sections  as  necessary  to  represent  the 
distributed  thermal  path  by  a  lumped 
electrical  path.*  In  making  the  oscil¬ 
lographic  observations,  the  beam  can 
be  modulated  by  a  timing  signal,  and 
the  sweep  expanded  over  regions  of 
rapid  change  to  facilitate  accurate 
measurements. 

Many  thermal  processes  are  non¬ 
linear,  but  some  lend  themselves  to 
electrical  representation.  For  exam- 


Fig.  3 — Comparison  of  actual  and  analo¬ 
gous  rosults 

pie,  radiation  of  heat  varies  approxi¬ 
mately  as  the  fourth  power  of  the 
temperature  difference*;  Thyrite  re¬ 
sistors  approximate  this  character¬ 
istic.  Change  in  specific  heat  with 
change  of  state,  heat  of  fusion,  and 
such  characteristics  can  sometimes 
be  closely  represented  by  switching 
in  extra  capacitors  using  biased 
diodes  or  thyratrons  arranged  to 
conduct  when  the  proper  voltage  is 
reached.  More  difficult  functions  can 
be  handled  manually  if  the  electrical 
system  operates  slowly  enough. 
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.  .  .  which  ore  the  key  to  the  “4  for  1"  Advantage.  With  these,  it  is  possible 
to  order  a  minimum  number  of  instruments  in  the  most  popular  remges,  and 
apply  either  the  round  or  square  flange  according  to  usage.  This  feature 
simplifies  ordering  and  inventory  procedures  for  the  manufacturer  .  .  and 
stocking  and  selling  for  the  jobber.  Besides  black,  the  flanges  ore  available 
in  12  iridescent  colors  —  including  red,  blue,  green,  gold  and  silver.  The  use 
of  color  has  been  foimd  to  add  to  the  eye-oppeol  and,  consequently,  to  the 
soles  value  of  otherwise  drab  equipment. 
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Meteorology 

SODAR,  a  technique  whereby  trains 
of  audio-frequency  acoustic  waves 
are  launched  toward  a  target  and 
the  reflection  detected,  was  used  to 
detect  tropospheric  discontinuities. 
Correlation  was  found  between  re¬ 
flection  of  these  waves  from  temper¬ 
ature  inversions  and  other  nonhomo¬ 
geneities  in  the  lower  atmosphere 
with  disturbances  of  microwave 


in 
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In  fhese  cardboard  tubular  DRY  ELEC¬ 
TROLYTIC  CAPACITORS  manufac¬ 
tured  by  Solar  Manufacturing  Cor¬ 
poration,  New  York,  LUMARITH 
(cef/ulose  acetate)  film  wrapt 
supply  long-life  protection 
against  absorption  of  atmos¬ 
pheric  moisture,  and  at  the 
same  time  prevents  the 
electrolyte  from  drying 
out  at  elevated  tem¬ 
peratures. 


tCOMOMY 


Servicewise,  prodiictionwise  and  cost- 
wise,  Lumarilh  (cellulose  acetate)  trans¬ 
parent  film  insulation  can  solve  many 
of  your  product  planning  problems.  In 
resistance  to  electro-chemical  corrosion, 
it  ranks  with  the  most  chemically  inert 
dielectrics.  The  thinnest  Lumarith  film, 
laminated  to  standard  insulation  paper, 
"ill  give  low  cost  humidity  protection 
to  many  types  of  coils,  small  motors,  etc. 
with  minimum  space  requirements. 

Transparent  film  is  but  one  of  tlie 
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forms  in  which  Lumarith  is  produced. 
Lumarith  is  available  in  sheets,  rods, 
tubes  and  molding  materials  as  well. 
Lumarith  films  can  be  supplied  in  crystal- 
clear  transparent  or  with  special  (A-78) 
mat  finish,  one  side.  For  additional  in¬ 
formation  on  this  Celanese  Plastic,  send 
for  booklet  entitled,  *'Celanese  Synthet¬ 
ics  for  the  Electrical  Industry”.  Guianese 
Plastics  Corporation,  a  division  of  Cela¬ 
nese  Corporation  of  America,  180  Madi¬ 
son  Avenue,  New  York  16,  N.  Y. 

ORaC.  U .  S.  I*m».  Oft. 
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More  Planes  in  service,  more  flights,  more  space  available  for  all  kinds  of  traffic! 
Bigger  planes,  swifter  planes,  faster  air  schedules  on  many  runs! 

Every  way  you  figure^  Air  Express  service  is  stepped  up  to  an  all-time  high  at  an 
all-time  low  in  cost  to  the  shipper. 

Reduced  Rates  (see  table)  include  special 
pick-up  and  delivery  between  airport  towns 
and  cities.  Rapid  air*rail  schedules  to  and  from 
23,000  other  communities  in  this  country. 

Foreign  Service  direct  by  air  to  and  from 
scores  of  foreign  countries  —  the  world’s  best 
service,  in  the  world’s  best  planes. 

Write  Today  for  the  Time  and  Rate  Schedule 
on  Air  Express.  It  contains  illuminating  facts 
to  help  you  solve  many  a  shipping  problem. 

Air  Express  Division,  Railway  Express  Agency,  230  Park  Avenue,  New  York  17. 
Or  ask  for  it  at  any  Airline  or  Railway  Express  office. 


Phone  AIR  EXPRESS  DIVISION,  RAILWAY  EXPRESS  AGENCY 
Representing  the  AIRLINES  of  the  United  States 


RATES  CUT  22%  SINCE  1943  (U.  S.  A.) 

AM 

MIUS 

21b*. 

Sib*. 

3Sh*. 

401b*. 

Ov*r  40  A*. 
CmH*  par  k. 

149 

$1.00 

$1.00 

$1.00 

$1.23 

3.07c 

349 

1.03 

1.10 

330 

3.M 

9.31* 

S49 

1.07 

1.42 

3.04 

0.14 

1S3S< 

1049 

1.17 

1.90 

740 

1330 

30.70* 

3349 

1.4S 

3M 

174$ 

2034 

7041* 

Over 

33S0 

1.47 

3.M 

10.42 

29.47 

73.00* 

1  INTERNATIONAL  RATES  ALSO  REDUCED  | 

METEOROLOGY  (continued) 

transmission.  Observations  and 
equipment  were  described  at  the 
April  meeting  of  the  American  Phys¬ 
ical  Society  held  in  Cambridge,  Mass, 
by  G.  W.  Gilman  and  F.  H.  Willis, 
Bell  Telephone  Labs.  Other  papers 
covered  theoretical  and  experimental 
behavior  of  .shock  waves,  and  other 
physical  phenomena. 

•  •  • 

Lhf  Wave  Propagation 

Radar  operation  on  the  ultrashort 
wavelengths  is  adversely  influenced 
by  the  ionosphere  and  by  radio  noise 
originating  in  the  sun  and  other 
stars.  In  reviewing  and  interpreting 
the  available  data  on  these  two  phe¬ 
nomena,  Sir  Edward  Appleton,  lec¬ 
turing  at  the  March  Radiolocation 
Convention  in  England,  told  how- 
transient  radio  echoes  are  received 
from  scattering  centers,  that  is, 
bursts  of  ionization,  at  about  the 
level  of  the  E-layer.  Trouble  was 
marked  on  wavelengths  of  13  meters 
and  above,  but  when  the  wavelength 
was  halved  the  interference  was  neg¬ 
ligible.  This  kind  of  trouble  is  en¬ 
tirely  absent  on  centimeter  waves. 

Long-distance  scatter,  present  if 
the  radar  frequency  in  use  is  re¬ 
flected  by  the  ionosphere,  is  due  to 
waves  being  (1)  reflected  by  the  F- 
layer  on  their  outward  journey,  (2) 
scattered  back,  and  (3)  reflected 
again  by  the  F-layer  on  their  inward 
journey.  Frequencies  used  by  Brit¬ 
ish  radar  sets  have  generally  ex¬ 
ceeded  the  maximum  value  necessary 
for  penetration,  rather  than  reflec¬ 
tion,  at  the  F-layer,  and  thus  this 
interference  has  been  avoided. 


•  •  • 


Galactic  and  Solar  Noise 

Atmospheric  noise  of  tropospheric- 
origin  causes  practically  no  interfer¬ 
ence  on  frequencies  above  w’hich  ion¬ 
ospheric  reflection  is  ineffective 
when  directional  arrays  are  used. 
However,  at  wavelengths  that  are 
short  enough  to  penetrate  the  iono¬ 
sphere,  radiation  from  the  Milky 
Way  and  from  the  sun  causes  galactic 
and  solar  radio  noise  respectively. 

The  main  source  of  galactic  noise 
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1.  Materials  are  carefully  selected  and 
tested. 

2.  Case  hardening  is  expertly  controlled 
to  assure  strength  without  brittleness. 

3.  Threads  are  sharp,  smooth  and  hard, 
accurately  dimensioned  for  driving 
and  holding  power.  All  screws  are 
threaded  to  the  head. 

4.  Heads  are  concentric,  free  from 
burrs,  and  with  true  seating  surface  on 
all  types. 

5.  Slot  or  Phillips  Recess  is  correctly 
formed  and  well-centered,  and  dimen¬ 
sioned  for  ample  driving  torque. 

b.  Points  are  properly  shaped — equally 
important  on  both  gimlet  and  blunt 
point  styles. 


“National”  Hardened  Sheet  Metal  or 
Tapping  Screws,  Types  A  and  B  (former¬ 
ly  knoMTi  as  Type  Z),  are  furnished  in 
regular  stock  sizes:  Round  Head,  Binding 
Head,  Stove  or  Low  Round  Head,  Oval 
and  Flat  Head. 

We  will  gladly  furnish  information  on 
types  and  sizes  of  screws  to  be  used  with 
various  metals  and  metal  thicknesses 
and  for  specific  applications. 


THE  NATIONAL  SCREW  &  MFG.  CO.,  CLEVELAND  4,  0. 


Hardened  sheet  metal  or  tapping  screws  by  “NATIONAL”  are  “TOPS” 


-'.inM... 


FREQUENCY  (mEG/?.CYLES) 


MAGNETRON 


(continued) 


the  rising  sun.  At  3  cm,  one  mega¬ 
watt  is  obtained  at  an  output  effi¬ 
ciency  of  45  percent  from  such  a 
magnetron  for  pulsed  operation  at 
35  kv  and  6,500  gauss.  The  illustra¬ 
tion  shows  the  anode  structure  and 
output  waveguide  of  the  one  centi¬ 
meter  rising  sun  magnetron  devel¬ 
oped  at  Columbia  University  Radia¬ 
tion  Laboratorv. 


Cathode  Follower 

Cathode  followers  can  be  used  to 
provide  large  undistorted  output 
pow’er  for  small  receivers.  Because 
of  their  negative  feedback,  the  out¬ 
put  from  a  tube  for  a  given  percent 
distortion  can  be  increased  by  a 
factor  of  two  to  three  if  100  percent 
negative  feedback  is  u.sed.  Large  in¬ 
put  voltage  is  required,  and  optimum 
load  impedance  is  changed,  but  only 
slightly.  Under  these  conditions  the 
practical  limits  to  output  are  (1) 
grid  current  on  positive  half  of  cycle, 
and  (2)  plate  current  cutoff  on  nega¬ 
tive  half  of  input  cycle. 

When  the  plate  is  run  directly  to 
high  voltage,  pentodes  and  tetrodes 


loven^ 


^T^HE  Andrew  Co.,  pioneer  specialist  in  the  manufacture  of  a  complete 
line  of  antenna  equipment,  continues  its  forward  pace  with  the 
introduction  of  this  new  DI-FAN  receiving  antenna. 

The  DI-FAN  antenna  provides  excellent  reception  on  all  television  and 
FM  channels.  It  thus  supersedes  ordinary  dipole  antennas  or  dipole-reflec¬ 
tor  arrays  which  work  well  over  only  one  or  two  television  channels. 

In  addition,  the  following  advanced  features  will  recommend  the 
Dl-FAN  to  dealers  and  receiver  manufacturers  who  want  the  best 
possible  antenna  for  use  with  their  FM  and  TV  receivers: 

•  Light  in  weight  but  strong  and  dur¬ 
able.  High  strength  aluminum  alloy 
elements.  Supporting  members  of 
heavily  plated  steel. 

•  All  insulators  are  high  grade  glazed 
steatite. 


•  Impedance  of  DI-FAN  matched  to 
impedance  of  transmission  line,  pre¬ 
venting  ghost  images. 


INPUT 


•  Designed  for  use  w'ith  300  ohm  trans¬ 
mission  lines,  conforming  to  RMA 
standards  for  FM  and  TV  receivers. 


•  Mounting  supports  available  for 
either  chimney  or  roof  installations. 


•  Dl-FAN  has  a  graceful,  attractive 
shape — looks  well  on  any  building. 


OUTPUT 


Circuit  for  obtaining  100  percent  negative 
feedback  without  losing  power  sensitivity 
of  tetrode  as  a  cathode  follower 


act  as  triodes.  However,  with  the 
circuit  shown  herein  the  power  sen¬ 
sitivity  of  the.se  tubes  can  be  retained 
and  lOO-percent  negative  feedback 
retained.  Because  cathode-follower 
gain  (always  less  than  unity) 
changes  little  with  load  impedance, 
the  circuit  is  advantageous  in  driv¬ 
ing  such  loads  as  loudspeakers. 

Shunting  the  cathode  resistor  with 
a  capacitor  gives  an  infinite-imped¬ 
ance  detector  where  needed.  How¬ 
ever,  it  should  be  remembered  that 


This  grmpb  illnstr^itfs  the  superiority  of  the 
Andrew  Dl-FAN  over  an  ordiuury  folded  dipole. 
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BROWNING 
MODEL  RH-10 
STANDARD 
FREQUENCY 
CALIBRATOR 


Full,  accurate  use  of  station  WWV,  the  world's 
finest  primary  frequency  and  time  standard,  is  ob* 
tained  from  the  Browning  Model  RH*I0  Standard 
Frequency  Calibrator.  The  standard  Browning  RH- 
10  is  pre-tuned  for  5  and  10  megacycles  per  sec¬ 
ond  reception,  at  sensitivities  better  than  l/j  micro¬ 
volt  on  either  band.  A  dual  filter  system  provides 
selection  of  either  the  440  or  4000  cycle  modula¬ 
tion  of  WWV  for  use  as  a  primary  frequency 
standard. 


Checking  equipment  against  station  WWV,  at 
accuracies  up  to  one  part  in  five  million,  the 
Browning  Frequency  Calibrator  enables  compari¬ 


sons  to  be  made  in  three  general  categories: 

1.  Precision  radio  frequency  standards  measure¬ 
ments. 

2.  Precision  audio  frequency  standards  measure¬ 
ments. 

3.  Precision  time  and  pulse  standards  for  physical 
measurements. 

The  Browning  RH-10  consists  of  a  high  Q  an¬ 
tenna  transformer,  a  sharply  tuned  R-F  amplifier, 
converter,  oscillator,  two  IF  stages,  detector, 
selective  amplifier  output  stages  and  a  cathode  ray 
zero  beat  indicator.  Although  normally  supplied 
for  5  and  10  megacycles  per  second  operation, 
any  two  combinations  of  2.5,  5,  10,  or  15  mega¬ 
cycles  may  be  had  on  special  order. 


WRITE 


DESCRIPTIVE  LITERATURE 


BROWNING 
MODEL  0  L  - 1  5 
OSCILLOSCOPE 


Designed  for  observing  phenomena  requiring 
extended  range  amplifiers  and  a  wide  variety  of 
time  bases,  the  Browning  Model  OL-15  Oscillo¬ 
scope  incorporates  improvements  that  make  it  use¬ 
ful  in  numerous  applications  where  ordinary  oscillo¬ 
scopes  are  inadequate. 

For  instance,  the  Browning  OL-15  is  particularly 
adaptable  to  television,  radar  and  facsimile  work, 
as  well  as  with  radio-frequency  equipment  where 
it  is  desirable  to  know  actual  r.f.  waveform  com¬ 
position.  The  low  repetition  sweep  gives  visual 
observation  when  recurring  phenomena  of  a  few 
sweeps  per  second  are  encountered. 

Suitable  time  base  facilities  for  studying  signals 
with  a  constant  time  difference,  or  those  with  an 
inconstant  time  separation  between  consecutive 
phenomena,  are  provided  by  the  Browning  OL-15. 
In  general,  the  improved  design  and  superior 
construction  of  the  Browning  OL-15  make  it  a 
highly  flexible  instrument  for  use  in  all  laboratory 
work,  production  testing,  or  research  applications. 
WRITE  fOR  DESCRIPTIVE  LITERATURE 


BROWNING 


LABORATORIES,  INC. 
WINCHESTER,  MASS. 


I 
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GIBBS  MICROPOT 

PRECISION  TEN  TURN  POTENTIOMETER 
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OtLRVftN.  WISCONSIN 


GALACTIC  AND  SOLAR  NOISE 


(continutd) 


is  in  the  region  of  Scorpio-Sagit- 
tarius;  a  second  peak  is  in  Cygnus. 
Experimental  measurements  have 
confirmed  theoretical  predictions 
based  on  radiation  from  interstellar 
gas  that,  at  wavelengths  below  15 
meters,  noise  varies  approximately 
as  the  square  of  the  wavelength.  The 
galactic  noise  now  being  received 
was  generated  in  the  Milky  Way  long 
before  radio  was  thought  of  here ! 

The  sun  emits  electromagnetic 
radiation  appropriate  to  its  black- 
body  radiation  at  6,000  K,  although 
sunspots  radiate  electromagnetic  en¬ 
ergy  on  the  meter  wavelengths  that 
is  greatly  in  excess  of  the  expected 
black-body  radiation.  However,  we 
cannot  be  sure  about  the  distribu¬ 
tion  of  energy  in  the  solar  spectrum 
because  of  the  low-frequency  cutoff 
of  the  ionosphere.  These  and  further 
measurements  made  possible  by 
technical  developments  in  radar  will 
benefit  geophysicists,  solar  physi¬ 
cists,  and  astrophysicists. 


MICROFOT  FEATIRES 


CROSS;SECTtON 
^  VIEW 


Rising  Sun  Magnetron 

An  anode  structure  using  alternate 
large  and  small  cavities  has  been  de¬ 
veloped  to  improve  stability  of  oscil¬ 
lations  in  a  mode  other  than  the  plus- 
minus  mode  of  strapped  magnetrons. 
Cavities  are  alternately  about  1.5  or 
2.5  times  larger  than  a  cavity  that  is 
resonant  at  the  oscillating  frequency. 
As  can  be  seen  in  the  picture,  this 
construction  leads  to  a  cavity  pat¬ 
tern  similar  to  the  rays  drawn  about 


and  here  are  the  reasons  why! 

1  Moulding  of  resistance  element 
as  integral  part  of  housing  solid¬ 
ly  locks  every  turn  of  resistance  wire 
in  place — No  loosening  or  shifting. 

2  Precision  ground,  suinless  steel, 
double  thread,  lead  screw  guides 
the  rotating  contact,  guarantees 
smooth  action,  low  uniform  torque 
and  accurate  settings — permanently. 

3  Rotor  assembly,  supported  on  two 
bearings,  assures  long  life  and 
low  torque. 

4  The  Gibbs  10  turn  Micropot  has 
terminals  moulded-in  as  integral 
part  of  housing. 

5  Ends  of  resistance  element  soU 
dtred  to  terminals  before  mould¬ 
ing. 

6  Anti  backlash  spring  in  contact 
guide — assures  you  positive  set¬ 
ting  and  resetting. 


The  43V2*  length  of  resisunce 
element  gives  you  a  finer  resolu- 


8  The  resistance  wire  used  in  the 
element,  is  processed  through 
diamond  finishing  dies  in  our  lab¬ 
oratories  to  insure  a  constant,  uni¬ 
form  resistance  over  its  entire  length. 

WRITE  TODAY! 

For  engineering  specifications  and  numer¬ 
ous  recommended  applications.  Submit 
any  problems  to  our  engineering  staff  for 
recommendations.  Units  for  immediate 
shipment  -7  1,000  to  30,000  ohm  range. 
Special  resistance  values  made  to  order. 


Anod*  Uock  of  ri^g  mm  magnetron  ii 
about  ono  inch  across  overall 
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PRECISION  MEASUREMENTS  IN 
MICROWAVE  FREQUENCY  BANDS 
PROVIDED  BY  THE  NEW 


EXECUTIVE  OFFICES:  GREAT  NECK.  N.V.*  DIVISION  OF  THE  SPERRY  CORPORATION 
LOS  M6CLES  •  SAN  FRANCISCO  •  SEATTLE  •  NEW  ORLEANS  •  CLEVELANO  •  HONOLULU 
Aircraft:  Gyropilots  *  Gyrosyn  Compasses  •  Attitude  Gyros  •  Directional 
Gyros  *  Gyro-Horizons  •  Detonation  Indicators  *  Automatic  Radio  Direction 
Finders  *  Instrument  Landing  Systems  •Traffic  Control  Systems  •  Marine:  Gyro- 
Compasses  •  Gyro- Pilots  *  Gyro- Magnetic  Compasses  •  Incandescent  Searchlights 
Steeling  Systems  •  Radar  •Loran  •  Industrial:  Railroad  Radio  •  Microwave  Relays 
Microiine-Test  Equipment  *  Klystron  Tubes  •  Strobodyne  •  Knockometei 


/ 
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signs  and  developments  for  obtaining  quick,  accurate 
measurements  in  the  microwave  frequency  bands.  For 
more  complete  information  regarding  these  Sperry 
instruments,  and  their  applications  to  your  individual 
problems  and  requirements,  write  our  Special  Elec¬ 
tronics  Department.  ’Trade  Mark 


Sperry  Gyroscope  Company,  Inc. 
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Licensed  under  patents  of  the  Brush  Development  Company 


THE  TURIVER  34X 


Semi-Directional 
Crystal  Microphone 


Here’s  functional  styling  that 
serves  both  beauty  and  perform¬ 
ance.  The  ultra  modern  design  of 
the  Turner  34X  combined  with 
Turner  precision  engineering  re¬ 
sults  in  a  semi-directional  unit 
with  remarkably  low  feedback 
characteristics.  Equipped  with  a 
high  quality  crystal,  its  response 
is  smooth  and  even  with  a  varia¬ 
tion  of  only  -  5DB  from  30  to 
10,000  cycles.  Ideal  for  both  voice 
or  music  pickups,  the  Turner  34X 
is  a  |>erfect  mate  for  your  quality 
recording,  call  system,  and  P.A. 
equipment.  Ask  your  dealer  or 
write  for  complete  details. 


THE  TURNER  company/  ,^<1 


proofed  shoclt 

.  compen^to, 

«ur?/&»0,000cv.,.. 
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905  17th  Streut,  N.E.,  Cedur  Rupids,  Iowa 


TURN  TO  TURNER  FOR  THE  FINEST  IN  ELECTRONIC  EQUIPMENT 


CATHODE  FOLLOWER  (continutd) 

there  is  always  such  a  capacitance 
present  because  of  strays  and  there¬ 
fore  at  high  frequencies  a  cathode 
follower  will  act  as  such  a  detector  I 
whether  it  is  intended  to  or  not.  Be¬ 
cause  of  this  detection  action,  the 
cathode  follower  can  introduce  much 
distortion  to  television  signals.  (The 
Cathode  Follower,  Wireless  World, 
Nov.  1945,  p  322;  Negative  Feed¬ 
back,  Wireless  World,  March  1946,  p 
76;  and  Cathode-Follower  Dangers 
by  W.  T.  Cocking,  Wireless  World, 
Mar.  1946,  p  79.) 


•  •  • 


Patents 

Tone  and  volume  control  combina¬ 
tion  accentuates  low  frequencies  as 
volume  is  increased  (U.  S.  Patent 
2,377,121,  General  Electric  Co.)  A 
square-law  detector  is  obtained  by 
electrostatically  driving  a  dielectric 
plate  in  mechanical  vibration  re¬ 
sponsive  to  the  square  of  the  driving 
signal  amplitude.  Electrical  poten¬ 
tial  proportional  to  the  mechanical 
vibration  is  developed  across  the 
axis  perpendicular  to  these  vibra¬ 
tions  (U.  S.  Patent  2,387,472,  Radio 
Corp.  of  America).  By  loading  the 
tuned  circuit  of  a  receiver  with  a 
diode  whose  conductivity  is  con¬ 
trolled  by  the  automatic  volume  con¬ 
trol  action,  a  combined  volume  and 
selectivity  control  is  produced  (U.  S. 
Patent  2,388,590>  Radio  Corp  of 
America). 

Magnetrons  can  be  amplitude  modu¬ 
lated  by  changing  the  angle  between 
the  cathode  axis  and  magnetic  held. 
In  general,  the  maximum  amplitude 
of  high  frequency  oscillation  will  be 
obtained  with  the  magnetic  field 
slightly  out  of  line  with  the  cathode. 
If  the  magnetic  field  is  further  ro¬ 
tated,  as  described  by  Waldemar  II- 
berg  of  Berlin,  Germany  in  U.  S. 
patent  2,142,192  issued  Jan.  2,  1939, 
the  amplitude  of  the  high  frequency 
oscillation  of  the  magnetron  will  de¬ 
crease  rapidly.  The  technique  lacks 
the  disadvantages  of  amplitude  mod¬ 
ulating  magnetrons  by  changing 
their  anode  potential  with  simulta¬ 
neous  frequency  modulation,  and  of 
varying  the  magnetic  field  strength 
which  requires  controlling  high  cur¬ 
rent  through  a  reactive  load. 
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Now  that  the  emphasis  in  communications  is  turn¬ 
ing  more  and  more  toward  the  FM  and  Television 
frequencies,  there  is  a  great  demand  for  quality 
components  made  to  increasingly  critical  speci¬ 
fications.  Amphenol  products  have  kept  abreast 
of  developments  and  are  available  now— in  quan¬ 
tity— to  manufacturers  of  equipment  operating  in 
these  frequencies  and  to  amateurs. 

In  addition  to  the  long  line  of  standard  parts, 
Amphenol  engineers  announce  the  following  new 
products  particularly  adaptable  to  FM  and 
Television: 

Radio  Frequency  Cable  and  Connectors  and  a 

new  line  of  low-capacitance  microphone  cables. 
Also,  new  cables  especially  developed  for  Tele¬ 
vision  color  cameras  and  for  Facsimile  work. 
Hi-Q  Tube  Sockets.  Standard,  miniature  and  sub¬ 
miniature.  Also  new  sockets  for  cathode  ray  view¬ 
ing  tubes  and  similar  applications. 

Twin-Lead.  This  Amphenol-developed  parallel 
transmission  line  is  widely  used  as  antenna  lead- 
in  and,  in  addition,  has  become  standard  for  built- 
in  folded  dipole  antenna  construction. 

FM  Antennas.  New  Amphenol  designs  for  stand¬ 
ard  reception  that  deliver  the  greatest  gain, 
particularly  in  low  signal  areas.  Write  for  complete 
information. 

Plastic  Components,  in  a  wide  variety,  adaptable 
where  this  superb  dielectric  is  an  integral  port  of 
the  engineering  of  critical  circuits. 


AMERICAN  PHENOLIC  CORPORATION 

Conodo  •  Amphenol  Limitod  •  Toronto 

COAXIAL  CAIIIS  AND  CONNICTORS  •  INDUSTRIAL  CONNECTORS' FITTINGS  AND  CONDUIT  .  ANTENNAS  .  RADIO  COMPONENTS  .  PLASTICS  FOR  ELECTRONICS 
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NEW  PRODUCTS 


Miniature  Equipment 
Components 

Edited  By  ALEX  A.  McKENZIE  International  Resistance  Co.,  40i 

N.  Broad  St.,  Philadelphia  8,  Pa.  A 
fingertip-operated  four-position  ro¬ 
tary  switch  andta  similar  variable 
resistor  control  are  offered  to  the 
makers  of  miniature  electronic  de¬ 
vices.  Construction  of  the  compon¬ 
ents  is  such  that  only  the  fluted  edjje 
^  ^7  1  knob  and  its  identifying  posi- 

Hlgn  E  recjuency  Voltmeter  tion  markings  need  show.  Complete 

specifications  are  available  in  Biille- 

Hewlett-Packard  Co.,  Palo  Alto,  incorporates  a  new  diode  developed  tin  A-1. 

Calif.  The  model  410A  high  fre-  by  Eimac  for  this  instrument.  Input 
quency  vacuum-tube  voltmeter  is  con-  capacitance  is  only  1.3  micromicro- 

venient  for  laboratory  and  pro-  farads;  input  resistance  is  6  meg-  Amateur  Kilowatt 

duction-line  use.  It  measures  a-c  ohms  below  10  megacycles,  less  at 
voltage  from  20  cycles  to  700  mega-  higher  frequencies  owing  to  dielec- 
cycles,  d-c  voltage  at  100  megohms  trie  losses.  On  a-c  the  meter  reads 
input  impedance,  and  resistance  from  1  volt  full  scale  to  300  volts  full  scale 
0.2  ohms  to  500  megohms.  For  mak-  in  6  ranges.  D-c  measurements  may 
ing  a-c  measurements  a  special  low-  be  made  from  1  volt  full  scale  to 
capacitance  probe  is  employed  which  1,000  volts  full  scale  in  7  ranges. 


Latest  developments  in  new  apparatus, 
components,  materials.  New  literature 


T.W.T.  Co.,  Inc.,  6127  S.  Western 
Ave.,  Los  Angeles,  Calif.  The  Model 
900A  transmitter  has  been  designed 
for  maximum  input  (1,000  watts)  on 
the  10,  15,  20,  40  and  75  meter  ama¬ 
teur  bands,  with  phone  operation  pos¬ 
sible  at  frequencies  designated  by 
the  FCC.  Four  tubes,  including  one 
4-250A  as  power  amplifier,  are  used 


in  the  radio  frequency  section.  A 
modulation  system  featured  by  the 
company  utilizes  three  tubes  to  fur¬ 
nish  100-percent  modulation  with  an 
audio  characteristic  within  1  db  from 
200  to  10,000  cps.  Complete  equip¬ 
ment  including  all  power  supplies,  as 
illustrated,  occupies  a  space  42  x  15 
X  21  inches.  The  transmitter  can  be 
operated  on  either  110  or  220  volts, 
50  to  60  cps. 


Laboratory  Oscilloscope 

Browning  Laboratories,  Inc.,  Win¬ 
chester,  Mass.  The  model  OL-15 
cathode-ray  oscilloscope  has  been  de¬ 
signed  for  observation  of  wave  forms 
and  transients  requiring  a  variety  of 
time  bases,  triggers,  phasing  and  de¬ 
lay  circuits,  and  extended  range  am¬ 
plifiers.  The  sawtooth  sweep  with  a 
range  of  5  cps  to  500  kc  permits  ob¬ 
servation  of  radio  frequency  wave 
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To  avoid  damage 
from  Oxidation . . . 


protect  with  NITROGEN 


LINDE  Nitrogen  provides  an  ideal  means  of  protection 
against  oxitlation  and  corrosion  by  air.  For  packaging 
dehydrated  foods;  for  deaerating,  processing,  storing 
and  packaging  fats  and  oils  of  all  kinds;  or  for  pro¬ 
viding  an  inert  atmosphere,  free  of  impurities,  for  the 
complete  protection  of  practically  any  material  sus¬ 
ceptible  to  oxidation,  use  Linde  Nitrogen. 

LINDE  Nitrogen  is  99.7%  pure,  but  is  also  available 
bone  dry  and  at  higher  purity  for  special  applica¬ 
tions.  It  is  supplied  as  a  compressed  gas  in  cylinders 
containing  224  cu.  ft.  each,  or  in  bulk  in  tank-truck 
and  tank-car  lots  as  a  liquid  which  is  converted  into 
gaseous  nitrogen  as  required.  Linde  Nitrogen  in  bulk 
offers  remarkable  savings  in  cost  and  eliminates  cyl¬ 
inder  handling. 

W  rite  or  call  the  Linde  office  nearest  you. 


The  Linde  Air  Products  Company 

Unit  of  Union  Carbide  and  Carbon  Corporation 

CBB 

30  E.42nd  St., New  York  17,  N.  Y.  •  Offices  in  Other  Principal  Cities 

The  word*  "Linde"  and  "Pre*tA).Lite”  are  registered  trade.marks. 


ukde 


HYDROGEN  •  NITROGEN  •  OXYGEN 


ARGON  •  HELIUM  •  KRYPTON  •  NEON 
XENON  —  ACETYLENE 


LINDE  has  offices  in 
Principal  Cities 

Eastern  States 

Balliiiiore,  Md. 

Boston,  Mass. 

Buffalo,  N.  Y. 

Charleston,  W.  Va. 

New  York,  N.  Y. 
Philadelphia,  Pa. 
Pittshiu-gh,  Pa. 

Central  States 

Chicago,  Ill. 

Cincinnati,  Ohio 
Cleveland,  Ohio 
Detroit,  Mich. 
Indianajiolis.  Ind. 
Alilwaukee,  ^  is. 
Minneapolis,  Minn. 

St.  Louis,  Mo. 

Southern  States 

Atlanta,  Ga. 

Birmingham,  Ala. 
Jacksonville,  Fla. 
Memphis,  Tenn. 

New  Orleans,  La. 

Southwestern  States 

Dallas,  Texas 
Denver,  Colo. 

Houston,  Texas 
Kansas  City,  Mo. 

Tulsa,  Okla. 


Western  States 

Bntte,  Mont. 

El  Paso,  Texas 
Los  Angeles,  Calif. 
Phoenix.  Ariz. 
Portland,  Ore. 

Salt  Lake  City,  Utah 
San  Francisco,  Calif. 
Seattle,  Vi  ash. 
Spokane,  Wash. 
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forms  on  the  5-inch  tube  face.  The 
horizontal  amplifier  is  flat  within  10 
percent  of  the  average  value  from 
20  cps  to  1  megacycle;  the  vertical 
amplifier  has  an  even  wider  range.  A 
high  impedance  probe  is  furnished. 
The  unit  is  151  x  125  X  191  inches 
and  weighs  80  pounds. 


New  Variac 

General  Radio  Co.,  275  Massa¬ 
chusetts  Ave.,  Cambridge  39,  Mass. 
The  familiar  Type  200-C  Variac  has 
been  superseded  by  the  Type  V-5 
which  is  lighter  and  more  convenient 


to  use  and  service.  Rated  output  for 
the  115-volt  models  is  5  amperes  with 
maximum  current  7.5  amperes.  Volt¬ 
age  output  can  be  varied  from  0  to 
17  percent  above  line  voltage.  The 
units  are  available  in  several  models, 
some  for  220-volt  operation. 


New  Chokes 

The  National  Co.,  Malden,  Mass. 
The  R-IOOS  2i  millihenry  choke  car¬ 
ries  125  milliamperes  and  has  a  d-c 
resistance  of  50  ohms ;  the  R-SOOS 
carries  300  milliamperes,  has  an  in¬ 
ductance  of  1  millihenry  and  a  d-c 
resistance  of  10  ohms.  Wound  on  iso- 


lantite  forms,  the  units  both  measure 
2  X  ii  inches. 


Recording  Cartridge 

Universal  Microphone  Co.,  Ingle¬ 
wood,  Calif.  The  A132  recording 
head  has  been  designed  for  replace¬ 
ment  in  popular  makes  of  home  re¬ 
corders.  Response  range  is  50  to 


5,000  cycles  per  second.  Impedance 
of  the  device  is  3.2  ohms. 


Dual-channel 

Electronic  Tube  Corp.,  1200  E. 
Mermaid  Ave.,  Philadelphia  18,  Pa. 
The  E-2G47  dual-channel  oscilloscope 
comprises  two  separate  channels  op¬ 
erating  into  a  type  5Z2P1  dual-gun 
cathode-ray  tube.  The  nominal 
screen  diameter  is  5  inches,  and  can 


Sensitive  Relay 

Automatic  Temperature  Control 
Co.,  34  E.  Logan  St.,  Philadelphia  44, 
Pa.  A  relay  device  operating  from 
110-volt,  60-cps  mains  is  designed  for 


industrial  control  applications,  the 
initiating  impulse  for  which  is  of  the 
order  of  3  microamperes.  The  con¬ 
trol  can  be  located  100  feet  from  the 
actuating  source. 


Oscilloscope 

be  supplied  with  any  of  the  standard 
phosphors. 

The  vertical  amplifiers  for  each 
channel  have  a  uniform  frequency 
response  from  2  cycles  to  100  kilo¬ 
cycles  at  any  attenuator  setting  and 
down  10  percent  at  200  kilocycles.  The 
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Electronic  Brazing 


24  Station 

INDEXING 

Work  Carrier 


Delivers  5  Complete 


Assemblies  Per  Minute 


HERE*S  a  striking  example  of  how 
Scientific  Electric  Engineers  in* 
creased  brazing  production  output  by 
designing  a  special  automatic  machine 
to  operate  in  conjunction  with  Elec* 
tronic  heating. 

A  manufacturer  of  weather* proof 
control  box  covers  was  already  using 
electronic  heat  to  speed  up  production 
in  the  brazing  operation  involved.  But 
greater  production  was  urgently  needed. 
Each  assembly  was  being  inserted  and 
removed  from  a  single  heater  coil  .  .  . 
one  at  a  time. 

To  increase  output  Scientific  Electric 
engineers  designed  this  compact  circu¬ 
lar,  24  station  indexing  work  carrier 
which  operates  from  the  18  KW  elec¬ 
tronic  generator  at  the  left. 


The  operator  merely  loads  the  sta¬ 
tions  as  they  come  around  empty.  Heat 
is  applied  by  three  water-cooled  induc¬ 
tion  coils  under  three  of  the  work 
positions.  The  coils  are  followed  by 
the  vertically  operating  ejecting  mecha¬ 
nism  and  a  complete  assembly  is  ejected 
frcHn  the  carrier  each  12  seconds. 

The  carrier,  which  is  operated  by  a 
small  motor  can  be  applied  to  any  of 
our  electronic  generators  depending 
upon  the  heat  input  requirements  of  the 
work  to  be  handled.  Normal  output  of 
the  unit  illustrated  is  at  200  to  600  kc. 

Workpiece  output  up  to  20  per  min¬ 
ute  can  be  obtained  and  carriers,  cus¬ 
tom  tailored  to  your  requirements,  can 
be  delivered  within  30  days.  Send  us 
your  requirements  today. 


Scientific  Electric  Elec- 
Heaters  are  trade 
f"  tftese  power  sites... 
■)ted  a  range  of  frequen- 
<^s  up  to  300  Mega- 
5rtles  depending  upon 
^wer  requirements. 
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horizontal  amplifiers  have  a  uniform 
frequency  response  from  1  cycle  to 
30  kilocycles,  down  20  percent  at  100 
kilocycles  at  full  gain,  down  30  per¬ 
cent  at  100  kilocycles  at  half  gain  con¬ 
trol  setting.  The  Z  amplifiers  or  grid 
modulation  amplifiers  have  a  uniform 
frequency  response  from  1  kilocycle 
to  0.1  megacycle,  down  10  percent  at 
1  megacycle  at  any  attenuation,  down 
30  percent  at  30  cycles. 

Single  sweep  operation  and  auto¬ 
matic  beam  control  are  provided. 
Switching  means  allow  independent 
operation  of  the  sweep  and  the  grid 
modulation  functions  or  operation  of 
the  two  channels  with  common  sweep 
and/or  common  grid  modulation. 
Provision  is  made  for  separate  ex¬ 
ternal  connection  to  all  8  deflection 
plates  and  the  2  second  anodes.  These 
terminals  are  mounted  on  a  rear 
panel  behind  the  dual-gun  cathode- 
ray  tube  and  are  accessible  from  the 
rear  of  the  cabinet. 


Electronic  Voltmeter 

Instrument  Electronics,  253-21 
Northern  Boulevard,  Little  Neck, 
L.  I.,  N.  Y.  The  model  45  voltmeter 
has  a  range  from  0.0005  to  500  volts 
from  7  cps  to  1.6  me  plus  2  percent. 
Input  impedance  is  represented  by  5 
megohms  and  15  micromicrofarads. 
The  instrument  is  little  affected  by 
line  voltage  variations  between  105 
and  125  volts.  Price  is  $185  fob 
JL.ittle  Neck. 


Coaxial  Cable  Comiector 

Barker  and  Williamson,  235  Fair- 
field  Ave.,  Upper  Darby,  Pa.  The 
CC-50  connector  consists  of  an  alum¬ 
inum  housing  to  hold  a  coaxial  cable 
and  two  steatite  insulators  with  steel 


eyebolts  to  which  are  fastened  the 
center  ends  of  a  doublet  antenna.  The 
total  assembly  weighs  only  12  ounces. 


Soil  Moisture  Meter 

Industrial  Instruments,  Inc.,  17 
Pollock  Ave.,  Jersey  City  5,  N.  J. 
The  RC-12C  soil  moisture  conductiv¬ 
ity  bridge  measures  resistances  in 
the  range  0.2  to  2,500,000  ohms.  It 
is  battery  operated  and  consists  es¬ 
sentially  of  a  1,000-cps  a-c  bridge 
with  a  magic-eye  indicator. 


Cleat-mouiUed  Electrolytic 

Aerovox  Corporation,  New  Bedford, 
Mass.  The  type  PR  VC  electrolytic 
capacitor  is  mechanically  designed 
as  a  simple  replacement  for  other 


types  of  the  same  capacitance  values. 
Wire  leads  are  insulated  from  the 
metal  can.  The  unit  is  mounted  by 
removing  the  screw  holding  the  cleat, 
passing  wires  through  the  mounting 
hole  and  replacing  the  cleat  on  the 
under  side  of  the  chassis. 


Interference  Filter 


interference  filter  is  a  capacitive-in¬ 
ductive  type  designed  to  eliminate 
radio  frequency  disturbance  arising 
from  fluorescent  lighting  and  many 
kinds  of  electrical  machinery.  The 
unit  is  rated  at  2  amperes  for  120  to 
200  volts  a-c. 


Multicell  Speaker 

Altec  Lansing  Corp.,  250  West  57th 
St.,  New  York  19,  N.  Y.  The  Model 
603  Multicell  Diacone  speaker  is  the 
first  of  a  new'  series  of  speakers  to 
be  sold  at  a  low’er  price  than  the 
Model  604.  The  speaker  has  a  metal 
high  frequency  diaphragm  and  a  low 
frequency  cone  coupled  by  a  mechan¬ 
ical  dividing  netw'ork  and  driven  by 
a  single  3-inch  voice  coil.  The  high 
frequency  diaphragm  operates  into  a 
metal  horn.  Voice  coil  impedance  is 
15  ohms  and  pow’er  rating  18  w'atts. 
The  15-inch  speaker  has  a  horizontal 
distribution  angle  of  60  degrees  and 
a  vertical  distribution  angle  of  40 
degrees. 


Sweep  Frequency 
Transcription 

Clarkstan  Corp.,  11927  W.  Pico 
Blvd.,  Los  Angeles,  Calif.  Used  with 
an  oscilloscope,  the  transcription 
gives  a  complete  audio-response  pic¬ 
ture  of  the  equipment  under  test. 
The  transcription  has  a  frequency 
range  from  100  cps  to  10,000  cps  with 
a  repetitive  rate  of  20  cps  recorded 
at  constant  amplitude  below'  500  cp.s 
and  constant  velocity  above  500  cps. 
The  sw'eep  is  logarithmic.  There  is  a 
synchronizing  pulse  of  200  microsec¬ 
onds  duration  at  the  start  of  the 
sweep  to  lock  the  oscilloscope.  Fre¬ 
quency  markers  are  provided  at  al¬ 
ternate  thousand-cycle  points.  Fre- 
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VIBRATION 


Refrigerators  .  •  .  washing  machines 
. . .  automobiles  ...  in  every  mechan¬ 
ical  and  electrical  device  vibration 
is  a  constant  threat  to  efficient  oper¬ 
ation.  Vibration  caused  by  stretching 
of  bolt  or  screw,  rusting  or  corrosion, 
not  only  weakens  the  original  spot, 
but  ultimately  other  parts  of  the  unit 
as  well. 

Safeguard  your  products  against  un¬ 
necessary  vibration  with  spring  lock 
washers  on  every  assembly.  The  ex¬ 
clusive  **Controlled  Tension*'  built  into 


every  Diamond  G  Lock  Washer  assures 
positive,  unfailing  spring  tension  under 
all  conditions  . . .  plus  the  advantage  of 
a  thrust  washer  bearing. 

Diamond  G  Lock  Washers  permit  the 
full  tightening  of  bolt  and  screw  with 
assurance  against  vibration,  shock  and 
excessive  wear. 

Stop  vibration  before  it  starts.  Specify 
Diamond  G  Lock  Washers.  Deliveries 
are  quick,  prices  right,  quality  unsu 
passed.  Write  for  free  booklet,  and 
ASA  and  SAE  specifications. 


GEORG!  K.  GARRETT  CO.,  INC 

1421  CHESTNUT  STREET,  PHILADELPHIA  2,  PA. 
MANUFACTURERS  OF 


stampings  •  •  SPRINGS 


HOSE  clamps 


SNAP  AND  RETAINER  RINGS 
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Cherta 

Blind 

mvets 


UNCOMMON  RIViT 


X-ray  Photometer 

General  Electric  Co.,  Schenectady, 
N.  Y.  A  new  X-ray  photometer  in¬ 
dicates  and  records  the  concentration 
of  one  chemical  element  in  the  pres¬ 
ence  of  others  in  solids,  liquids  or 
j^ases.  The  new  instrument,  which  is 
nondestructive  to  most  materials,  ac¬ 
complishes  this  by  measuring  the 
change  in  absorption  of  X-rays  be¬ 
tween  a  sample  and  a  standard.  It 
can  be  used  in  such  applications  as 
determining  the  ash  content  of  coal, 
sulphur  content  of  oil,  hydrocarbon, 
chlorine  or  fluorine  content  of  plas- 


quency  response  variations  are  held 
within  plus  or  minus  one  decibel.  The 
recording  is  made  on  a  10-inch  viny- 
lite  disc  at  78  rpm  and  on  a  16-incb 
disc  at  33 i  rpm. 


. . .  in  answer  to  the  age-oM  cry  for  n  better  fastener 


CHERRY  plus  MONEL  equals  a  new  Cherry  Blind  Rivet  for 
specialized  service.  Cherry  means  tight,  neat  blind  rivets 
.  .  .  white  Monel  means  resistance  to  corrosion.  This  com¬ 
bination  of  virtues  is  being  applied  to  the  manufacture  of 
stainless  steel  railway  cars,  where  the  Cherry  Monel  Rivet 
is  being  used  in  several  interesting  applications. 


CME»»Y  »ivm.  THEIK  MANUFACTUHE  >  WLICATIOW  ARE  COVERED  RY  U.  $.  PATENTS  ISSUED  »  PENDING 


tics,  tetraethyl  lead  content  of  gaso¬ 
line,  and  bromine  concentration  in 
certain  brominated  compounds.  The 
sensitivity  of  this  method  of  analysis 
varies  from  0.01  percent  to  1.0  per¬ 
cent,  depending  upon  the  difference 
in  atomic  numbers  of  the  components 
making  up  the  specimens.  The  unit 
is  housed  in  a  standard  control  cab¬ 
inet,  72  X  28  X  20  inches.  The  tube 
has  a  beryllium  window  and  a  tung¬ 
sten  target,  and  requires  half  a  gal¬ 
lon  of  water  per  minute  at  20  pounds 
per  square  inch  for  cooling. 


LIKEWISE,  Cherry  Blind  Rivets  provide  a  secure  and  perma¬ 
nent  method  for  anchoring  exterior  and  interior  trim  as  well 
as  interior  sheathing.  A  unique  war-born  fastener  carves 
itself  another  niche  by  doing  the  job  better  and  faster. 


Get  this  Cherry  Handbook  D-45  to  find  out  oil  about  Cherry  Blind  Rivets  and  their  many  applica¬ 
tions.  Write  to  Dept.  A-120,  Cherry  Rivet  Company,  231  Winston  Street,  Los  Angeles  13,  California. 


Stepping  Switch 


C.  P.  Clare  and  Co.,  4719  West 
Sunnyside  Ave.,  Chicago  30,  Ill.,  an¬ 
nounces  a  new  stepping  switch  with 
reset  magnet.  Ten  contacts  are  pro¬ 
vided  but  the  switch  may  be  obtained 
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CAR  FLOORS  are  laminated  wood  on  stainless  steel.  How 
to  fasten  wood  to  steel?  Screws  have  been  used,  but  screws 
work  loose.  Riveting  is  logical,  but  ordinary  riveting  re¬ 
quires  two  men  and  means  difficult  access  problems.  Hence 
the  use  of  tight,  neat  Cherry  Blind  Rivets,  installed  with  an 
easy,  controlled  pull  from  one  side  of  the  work. 


THE  CHERRY  MONEL  RIVET 

is  available  in  all  standard  types, 
head  styles,  diameters  and  lengths. 
Cherry  Blind  Rivets  are  also  avail¬ 
able  in  aluminum,  steel  and  brass. 


SPECIAL  CHARACTERISTICS 

establish  Cherry  superiority  over 
other  blind  fasteners:  (a)  Greater 
shank  expansion  (b)  Greater  al¬ 
lowable  variance  in  material  thick¬ 
ness  for  a  given  grip-length. 


REPLACES  THE  COMMON  SCREW 


**THIS  PIONEERING  EFFORT...’* 

*‘The  Chicago  and  North  Western  Railroad,  alwatjs  interested  in  technological  develop- 
ments  which  promise  improvement  in  the  efficiency  and  safety  of  railway  operations, 
participated  in  the  first  regular  use  of  very  high  frequency  railway  radio.  This  installation 
went  into  operation  in  our  Proviso  Yards  in  September,  1940,  and  continued  for  over  a 
year  thereafter. 

*We  are  happy  that  the  technical  and  operating  information  secured  from  this  pioneer¬ 
ing  effort  was  subsequently  useful  to  the  Army  Ordnance  Department  and  to  the  operators 
of  the  large  Army  Ordnance  Plants  in  making  their  decision  to  use  railroad  radio  in 
connection  with  the  war  effort. 

“The  case  histories  provided  by  the  use  of  radio  at  Proviso  and  in  the  large  ordnance 
plants  were  later  to  become  an  important  part  of  the  railroad  testimony  in  the  Federal 
Communications  Commission  hearing  which  brought  about  the  present  allocation  of 
frequencies  for  railway  use.’* 


PRESIDENT, 

Chicago  and  North  Western 
Railway  System 


When  the  Chicago  and  North  Western 
Railway  conducted  its  Proviso  Yards  pioneering  of 
high  frequency  radio  for  communications  purposes, 
some  of  the  present  members  of  the  Farnsworth  Mo¬ 
bile  Communications  Division  assisted  in  a  technical 
capacity.  These  individuals,  too,  were  largely  respon¬ 
sible  for  the  Army  Ordnance  Department’s  first  use 
of  radio  in  railway  operations. 

These  events  occurred  more  than  five  years  ago,  long 
before  the  Federal  Communications  Commission’s 
recent  allocation  of  frequencies  for  railway  use— and 
at  a  time  when  the  future  of  railroad  radio  was  fraught 


with  doubt,  and  only  one  organization  was  pressing 
for  recognition  of  the  railroads’  right  to  frequencies. 

Today,  the  results  of  almost  a  decade  of  pioneering 
effort  and  engineering  appear  in  the  new  Farnsworth 
152-162  megacycle  railroad  radio  equipment— sr/sfem- 
atized  equipment  designed  to  guarantee  maximum 
availability  and  flexibility  with  simplified,  low-cost 
maintenance— equipment  meeting  all  of  tlie  presently- 
established  requirements  of  the  Federal  Communica¬ 
tions  Commission  and  the  Interstate  Commerce  Com¬ 
mission.  Farnsworth  Television  .&  Radio  Corporation, 
Dept.  E-8,  Fort  Wayne  1,  Indiana. 


FARNSWORTH 


TELEVISION  & 

RADIO  CORPORATION 


FornswQrth  Radio  and  TeUvition  Re<tiv*rt  and  Transmittars  •  Aircraft  Radio  Equipment  •  Farnsworth  Television  Tubes  •  Halstead  Mobile 
Communications  and  TrafRc  Control  Systems  for  Rail  and  Highway  •  the  Farnsworth  Phonogroph-Eodio  *  the  Capehart  •  the  Panamuse  by  Capehart 
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Flash  Capacitors 

General  Electric  Co.,  Schenectady 
5,  N.  Y.,  announces  development  of 


urinjr  up  to  50,000  mepohms.  The 
Model  261  Vibrotest  is  powered  by 
two  No.  6  cells,  .so  that  it  is  not  neces¬ 
sary  to  crank  a  majrneto  to  obtain 
500  volts  for  testinjr.  The  meter  is 
constructed  to  operate  from  minus 
j  40  to  plus  140  F  under  conditions  of 
extreme  humidity  and  is  hou.sed  in 
a  weatherproof  metal  case  with 
carrying  strap.  The  unit  measures 
8a  X  6  X  8i  inches  and  weighs  I'll 
pounds. 


with  one,  two  or  three  banks  oper¬ 
ated  at  6,  12,  24  or  48  volt.s.  These 
switches  can  be  made  to  operate  at 
35  steps  per  second  and  have  a  re¬ 
lease  time  of  0.03  second.  Overall 
height  if  4]  x  It  x  inches  and  the 
weight  is  between  13  and  10  ounces, 
depending  upon  the  number  of  banks. 


liisiilutioii  Resistance  Melei 


AS.SOC1ATED  Research,  Inc.,  2.‘j1 
South  Green  St.,  Chicago  7,  Ill.,  an¬ 
nounces  a  self-contained,  portable 
insulation  tester  capable  of  meas- 
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Is  there  anything  easier  than  pushing  a 
button?  We  do  it  every  day — a  dozen  times 
or  more.  Yet  that  infinitely  slight  movement  of 
the  finger  can  command  the  instant  response 
from  a  servant  whose  strength  is  as  the  combined 
power  of  over  ninety  million  electrical  horses! 

A  hundred  years  ago  we  had  available  the 
same  resources  —  the  same  coal  —  the 


reins  and  harnesses  of  wire  to  make  him  draw 
our  burdens.  And  what  was  once  crude  wild 
power,  parades  now  with  ten  thousand  different 
paces — for  ten  thousand  different  electrical  wires 
have  been  devised  to  complete  his  taming. 

Making  special  wires  to  do  these  jobs  is 
Belden’s  Business. 


same  oil  —  the  same  water — but  the 
great  heri  of  horsepower  went  un¬ 
tamed.  Tlien  came  lariats  of  electrical 
wire  to  rope  the  stallion — and  train- 
ing  gear  of  wire  to  gentle  him — and 


BeMen 


WIREMAKER 
FOR  INDUSTRY 
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Where  There  is  Horsepower . . . 


3.  MODEL  "M"  WITH 
A-ia-M  ROLLER  LEAF  BRACKET. 


MODEL 


a  complete  new  line  of  Pyranol 
capacitors  for  use  in  flash  photog¬ 
raphy,  light  welding  and  similar  ap¬ 
plications.  They  are  available  in  a 
wide  range  of  ratings,  with  ambient 
temperature  operating  limits  at 
rated  voltage  ranging  from  0  to  50 
degrees  C  and  capacitance  tolerances 
at  25  degrees  =tlO  percent. 

All-wave  Receiver 

Hallicrafters  Co.,  2611  Indiana 
Ave.,  Chicago  16,  Ill.  The  S-38  is 
a  new  six-tube  superheterodvne  re¬ 


in  keeping  with  the  ever-widening  demand  for  small  ACRO 
Snap  Action  Switches,  built  with  the  patented  Beryllium 
Rolling  Spring  and  with  the  experience  gained  in  building 
hundreds  of  thousands,  ACRO  now  adds  a  sturdier, 
more  durable  housing  for  its  popular  long  life  Model 
NEW  FEATURES 

1*  New  stronger  molded  case  — cover  recessed  into  cose, 
clear  of  the  four  3l32“  mounting  holes.  •  2*  Sturdier  barriers 
between  terminals,  affording  generous  electrical  clear¬ 
ances.  •  3*  Heavier  solder  terminals  with  .082"  terminal 
holes  for  easier  wiring.  •  4*  Greater  compactness  for  multiple 
assemblies— four  can  be  mounted  in  a  space  of  less  than  1 14". 

This  better  built,  better  performing  switch  is  made  with 
single  pole,  single  or  double  throw  contacts — rated  at 
10  amps.  125  volts  A.  C.  Can  be  fitted  with  leaf  actu¬ 
ators  illustrated  above.  For  immediate  help  on  your  switch 
problems,  send  full  details  of  operating  characteristics 
required  and  proposed  assembly. 


1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


ceiver  which  tunes  continuously  in 
four  ranges,  from  540  kilocycles  to 
30  megacycles.  The  amateur  bands 
are  indicated  and  a  fine  tuning  con¬ 
trol  is  furnished.  » A  beat-frequency 
oscillator  can  be  switched  in  for  code 
reception. 


Panoramic  Adaptor 

Panoramic  Radio  Corp.,  242  West 
55th  St.,  New  York  19,  N.  Y.  The 
Panadaptor  can  be  attached  to  any 
good  communications  receiver  hav¬ 
ing  an  intermediate  frequency  in  the 
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R.58  SERIES 


Exceptionally  dependable  for  use  in 
electronic  control  equipment  (for 
counting,  sorting,  burglar  and  smoke 
alarms,  etc.)  A  preferred  type  for  use 
in  1 6  MM  sound*on>film  equipment. 


R.59  SERIES 


Widely  employed  in  theater  sound 
projection  equipment.  Popularly  used 
in  35  MM  semi'portoble  systems. 
Rugged  design  mokes  it  unusually 
adaptable  to  industrial  electronic 
equipment.  One  of  several  series  of 
Ravland  VISITRONS  also  available 
for  blue  and  ultra-violet  applications. 


A  dual-type  phototube  designed 
primarily  for  dual  sound  track  sys¬ 
tems;  ideal  wherever  dual  tube  op¬ 
eration  is  required  and  space  is  at 
a  premium. 


The  Raulatid  VISITROS  family  of  Photo¬ 
tubes  includes  the  widest  selection  of 
versatile  types  for  practical  application  in 
the  held  of  light-sensitive  devices.  (Repre¬ 
sentative  VISITRONS  are  described  here 
briefly.)  Whatever  the  application  .  .  .  for 
industrial  electronic  control,  sound-on-film,  or 
research  and  development,  there  is  a  depend¬ 
able,  high  sensitivity  Raulatid  VISITRON  avail¬ 
able  to  do  the  job  perfectly.  Raulatid  phototube 
engineers  are  ready  to  consult  with  you  on  your 
special  phototube  requirements. 

To  be  sore  .  .  .  specify  VISITRON! 


R-64  SERIES 


This  rugged  phototube  in  a  short 
glass  envelope  is  recommended  for 
industrial  light-operated  relay  and 
measurement  applications  where 
space  is  a  limiting  factor. 


R.71  SERIES 


Send  for  this 
Descriptive  Catalog 

This  valuable  new  Rauland  VISITRON 
Catalog  is  yours  for  the  asking.  It's 
packed  with  informative  data  on  photo¬ 
tube  theory,  characteristics  and  circuit  ap¬ 
plications.  You  will  wont  this  important  trea¬ 
tise  for  your  engineering  reference  library. 


One  of  the  most  widely  used  VISI¬ 
TRONS.  Ideal  for  sound-on-film  ap¬ 
plications.  Used  extensively  in  elec¬ 
tronic  control  devices  for  weighing, 
conveying;  illumination  controls; 
safety  devices;  flame  contro  work; 
smoke  and  turbidity  measurement 
controls. 


ALSO  MANUFACTURERS  OF  DIRECT-VIEWING  AND  PROJECTION  TYPE  CATHODE  RAY  TUBES 


f^AuldJui 


COMMUmCATIOMS  •  THl¥ISi 


ELECTRONICS 


I- p 

PICKUP- 

/O^xCARTRIDGE 


A.  2-64  Ejection 
Screw 

B.  Crystal  ^ 

C.  Needle  Guard  1 

D.  Taper  Nylon  Chuck 

E.  Taper  Nylon  Needle 
Knee 

E.  Sapphire  Playing  Tip 
G.  Needle  Locating  Fin 


Corporation 


IN  CANADA  CA/VAD/f.N  ASTATIC  LTD.  TORONTO,  CNTAPIO 


range  450  to  470  kilocycles.  A  band 
of  frequencies  100  kilocycles  on 
either  side  of  the  frequency  to  which 
the  receiver  is  tuned  is  visible  at  all 
times.  Or,  the  band  may  be  nar¬ 
rowed  down  towards  zero,  allowing 
a  detailed  study  of  the  signal  re¬ 
received.  The  unit  operates  from 
115-volt  50  to  60-cycIe  power. 


Regulated  D-<*  Unit 

POLARAD  Elkctronics  Co.,  135  Lib¬ 
erty  St.,  New  York  6,  N.  Y.,  has 
available  the  Model  PTlllD  dual 
regulated  d-c  power  unit  which  oper- 


GIVES  AND  MAINTAINS 
IMPROVED  PERFORMANCE 


IHIS  important,  new-type 
Crystal  Pickup  Cartridge,  employing  a  Nylon  Chuck 
and  matched,  replaceable,  sapphire-tipped  Nylon 
Needle,  contributes  immeasurably  to  improved 
phonograph  reproduction.  Among  its  many  advan¬ 
tages  are:  suppression  of  mechanical  resonances  of 
crystal  ‘  element,  improved  tracking  at  low  needle 
pressure,  reduced  record  wear,  and  permanent 
needle  reproduction  with  needle  replacement  advan¬ 
tages.  The  use  of  Astatic's  Nylon  1-J  Cartridge  as¬ 
sures  phonograph  manufacturers  and  ultimate  users 
or  owners  alike  that  the  quality  of  reproduction  will 
remain  constant  regardless  of  needle  replacements 
because  the  Nylon  needle  is  matched  to  the  cartridge 
and  NO  OTHER  type  of  needle  may  be  used. 


ates  from  a  115-volt  50  to  60-cps 
line  to  give  400  milliamperes  (each 
unit)  at  250  to  300  volts.  It  has 
ripple  less  than  0.001  percent.  Each 
section  of  the  unit  illustrated  has  its 
own  controls. 


Midget  Variable  Capacitor 

The  Hammarlund  Mfg.  Co.,  Inc., 
460  W.  34th  St.,  New  York  1,  N.  Y. 
The  type  RMC  midget  variable  air 


The  Nylon  1-J  Cartridge  is  fur¬ 
nished  with  Astatic  Sludio  Master 
400  Transcription  Pickups  and 
new  Model  508  Pickups  for  10"  and 
12"  records. 


capacitor  has  3  32-inch  end  plates 
reinforced  by  three  horizontal  pil¬ 
lars.  Two  low-loss  silicone-treated 
ceramic  bars  support  the  stator. 
Stock  sizes  rated  at  1,000  volts  are 
available  in  maximum  capacitances 
from  50  to  327  micromicrofarads. 


Antenna  Tuning  Unit 

Collins  Radio  Co.,  Cedar  Rapids, 
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MOLD  COLLTACT  VO/TS  FOk  M6H-TREQUENCY 
J^PUCATLO/^  mSTHAVE^^^/^ 

STRENeTH  TO  DRIVE  MOme  PART  AND 
BE  D/MENO/ONALLV  6TABLE. 


G-E  MYCALEX  . . .  rOR 

PRECISION-MOLDED  INSULATION 


oTlns  cont  art  yoke  was  designed  to 
drive  a  vital  moving  part  in  a  hifjh- 
frecjueiKy  application.  A  dimen¬ 
sionally  stable  part  was  recjuired. 

At  No.  1  Plastics  Avenue  the 
prohlein  was  solved  l>y  specifying; 
G-K  mycalex — compound  of  jjlass 
and  powdered  mica  with  a  unique 
comhination  of  properties. 

Molded  in  G-E  mycalex  hy  new 
techniques,  this  contact  yoke  has 
everything  recpiired  of  a  high- 
frequency  component — dielectric 


strength  .  .  .  low  loss  factor  .  .  . 
stability  .  .  .  flatness  . .  .  rigidity. 

G-E  mycalex  is  now  available 
to  all  industry  in  standard  rods 
and  sheets,  or  molded  to  your  own 
design.  G-E  designers  and  engi¬ 
neers  will  give  you  the  benefit  of 
their  ex|)erience  in  molding  hun¬ 
dreds  of  G-E  mycalex  parts. 
Write  to  Section  S-H,  Plastics 
Divisions,  Chemical  Department, 
General  Elecdric  C'o.,  1  Plastics 
Avenue,  Pittsfield,  Mass. 


HOW  THE  G-E 
MYCALEX  SERVICES 
CAN  BENEFIT  YOU  NOW 

You  may  order  fabrication  of  sample 
G-E  mycalex  parts  at  surprisingly  low 
cost.  Test  them  yourself  in  your  own 
equipment.  Then,  if  you  decide  to 
specify  G-E  mycalex,  your  design 
can  be  converted  to  a  molding  proc¬ 
ess  which  permits  speedy  and  eco¬ 
nomical  production  runs. 


■  _ 

{  y 

y 

m 
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FABRICATING  SERVICE 

Get  This  Unique  Combination 
of  Properties  with  G-E  Mycalex 

1.  High  dielectric  strength 

2.  Low  power  factor 

3.  Prolonged  resistance  to  electrical 
arcs 

4.  Chemical  stability— no  deterioration 
with  age 

5.  Dimensional  stability— freedom 
from  worpoge  and  shrinkage 

6.  Impervious  to  water,  oil,  and  gas 

7.  Resistance  to  sudden  temperature 
changes 

8.  Low  coefficient  of  thermal  expan¬ 
sion 

9.  High  heat  resistance 

Samples  Supplied  on  Request 


GENERAX  m  ELECTRIC 
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*  Every  magnet  individually  tested 
in  loud  speaker  structure  before 
dipping , . . 


^  Every  magnet  meets  R,  M.  A. 
prrtposed  standards  .  .  . 


*  Every  magnet  meets  Arnold's 
minimum  passing  standards  of 
4,500,000  BHmax. 


Here  s  what  the  individual  touch 
means.  Thousands  of  the  nine 
different  sizes  of  speaker  mag¬ 
nets  shown  at  right  are  now  be¬ 
ing  turned  out  daily.  Each  one  is 
individually  tested  in  a  loud 
speaker  structure  before  ship¬ 
ping.  Each  magnet  is  made  to 
meet  R.  M.  A.  proposed  standard 
for  the  industry.  Each  magnet 
must  meet  Arnold’s  own  mini¬ 
mum  passing  standard  of  4,500,- 
000  BHmax  for  Alnico  V  ma¬ 
terial.  Thus  by  careful  attention 
to  the  important  "individual 
touch"  in  volume  production  can 
Arnold  promise  you  top  quality 
in  each  individual  magnet  you 
select. 


THE  Arnold  knoineering  Comm\ 


147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 

Specialists  in  the  Manufacture  of  ALNICO  PERMANENT  MAGNETS 


Iowa.  An  aircraft  antenna  loading 
unit  designed  primarily  as  a  com¬ 
panion  unit  for  the  Collins  18S-1 
transmitter-receiver,  will  function 
equally  well  with  any  transmitter 
with  suitable  characteristics.  Desig¬ 
nated  the  Type  180K-1,  this  unit  ha.s 
a  nominal  input  impedance  of  50 
ohms  and  will  handle  input  power  of 
up  to  125  watts.  It  is  designed  to 
couple  into  typical  aircraft  antennas 
of  46-foot  length  over  a  frequency 
range  of  2.5-10  megacycles,  up  to  25,- 
000  feet  altitude,  and  over  a  temper¬ 
ature  range  of  minus  40  C  to  plus 
50  C.  Ten  pretuned  channels  are  pro¬ 
vided  in  the  180K-1,  with  Autotune 
control  for  quick  frequency  change. 


Strain  Gage  Indicator 

Statham  Laboratories,  8222  Bev- 
Blvd.,  Los  Angeles  36,  Calif.,  an¬ 
nounces  production  of ^  Jiew  strain 
gage  indicator,  Mot!feWf8C"’hich  en¬ 


ables  the  measurement  of  changes  in 
length  of  specimen  under  test  to  one 
millionth  of  an  inch  per  inch.  Two 
ranges  provide  for  measurements  of 
plus  or  minus  1,000  microinches  per 
inch  and  plus  or  minus  10,000  micro¬ 
inches  per  inch.  A  gage  factor  con¬ 
trol  permit  direct  readings  of  strain 
gages  with  factors  betw^een  1.7  and 
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The  use  of  Essex  Extra 
Test  Magnet  Wire  in  the 
vital  spot  is  a  real  hedge 
against  a  high  electrical 
apparatus  mortality  rate. 


PRODUCTS 


Plant*:  Fort  Waya*.  Indiana;  D  •troit,  Michigan;  Anahaim,  Oalif. 
WarahousM*  and  Sal**  Otficna:  *Atlanta,  Gaorgia;  ^Boston, 
Mass.;  *Clucago,  Ill.;  ClsTnland,  Ohio;  Dayton,  Ohio;  *D*tToit, 
Mich.;  Kansas  City,  Mo.;  *Los  Angolas,  Calii.;  Milwankaa,  Wise.; 
*Mina*apoUs,  Minnasota;  *Nawark,  N.  J.;  Philadalphia,  Pa.;  San 
Francisco,  California;  *St.  Louis,  Mo. 
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The  world^s  tallest  antenna  tower — over 
1000  ft  . — was  designed,  fabricated  and 
erected  by  Blaw-Knoz.  Blaw-Knox  has 
constructed  some  12,000  other  Vertical 
Radiators  and  towers  of  lesser  heights 
lor  all  types  of  electronic  transmission. 

Experience  that  dates  back  to  the  birth, 
of  commercial  radio  adds  nothing  to  the 
cost  of  Blaw-Knox  towers  today.  Our 
engineers  are  available  for  discussion. 

BLAW-KNOX  DIVISION 

ol  Blaw-Knox  Company 

2077  Farmers  Bank  Building 
Pittsburgh,  Pa. 


BLAW-KNOX 


ANTENNA 

TOWERS 


2.1.  Batteries  are  self-contained  in  a 
hardwood  case  62x11x21  inche.s 
which  is  provided  with  a  carrying 
handle.  Total  weight  is  25  pounds. 

Small  Boat  Direction  Finder 

Radiomarine  Corp.  of  America,  75 
Varick  St.,  New  York  13,  N.  Y.,  ha.s 
designed  a  new  compact  radio  di¬ 
rection  finder.  Model  AR-8702-A,  for 
use  aboard  yachts  and  other  small 
craft  where  only  limited  space  is 
available.  The  set  comprises  a  six- 
tube  superheterodyne  receiver,  with 
a  tuning  range  from  270  to  520  kilo¬ 
cycles,  and  a  balancer  control  with 
provision  for  sense  determination. 


in  a  corrosion-resistant  cabinet  14 
inches  wide,  7  inches  high,  and  12 
inches  deep;  plus  a  watertight  18- 
gauge  copper  antenna  loop  13  inches 
in  outside  diameter,  with  a  drum- 
type  azimuth  scale,  mounted  di¬ 
rectly  on  top  of  the  receiver  cabinet. 

I  The  model  is  supplied  with  a  tele¬ 
phone  headset  and  a  battery  box  con¬ 
taining  a  6-volt  storage  battery,  two 
45-volt  dry  batteries,  and  a  battery 
charger;  however,  it  can  be  adapted 
for  6,  12,  24,  32,  110,  or  230-voIt  d-c 
ship’s  supply  or,  by  means  of  a  sep¬ 
arate  rectifier  unit,  for  110-volt  60- 

j  cps  a-c  supply. 

1 

Blower  Motor 

John.  Oster  Mfg.  Co.,  Racine,  Wis., 
announces  a  new  motor  designed  for 
continuous  duty  fan  and  blower  ap¬ 
plications  and  other  uses  where  sim¬ 
ilar  operation  is  essential.  The  type 
KS-837  delivers  up  to  1/10  hp  at 
1,725  rpm.  It  is  a  split-phase  induc¬ 
tion,  continuous-duty  model,  operat¬ 
ing  on  115  volts,  a-c.  The  motor  is 
totally  enclosed.  The  bronze  sleeve 
bearings  are  grooved  and  felt  oil  re- 


224 


August,  1946  — -  ELECTRONICS 


PROVED 


FROM  JO  MICRO  AMPERES  TO  10,000  AMPERES 


\'  Permanent  characteristics. 

\ '  Adaptability  to  all  types  of  circuits  and  loads. 

Unlimited  life— no  moving  parts. 

\ '  Immunity  to  atmospheric  changes, 
v/  High  efficiency  per  unit  weight. 

\  Hermetically  sealed  assemblies  available. 

\  From  1  volt  to  50,000  volts  RMS. 

From  10  micro-amperes  to  10,000  amperes. 
\'^  Economical— No  maintenance  cost. 


Manufacturers  of  a  broad  line  of  SELENIUM 
Power  and  Instrument  Rectifiers,  Photo-Electric 
Cells  and  allied  scientific  products. 

Solve  your  rectification  problems  with 
SELENIUM.  SELENIUM  rectifiers  are  rapidly 
becoming  standard  in  industry.  Check  these 
outstanding  features: 


SELENIUM  CORPORATION  OF  AMERICA 


AfRIiate  of  Vickers,  i  ncorporoted 

1719  WEST  PICO  BOULEVARD  •  LOS  ANGELES  15,  CALIFORNIA 
Export  Divition;  Frazer  &  Honsen,  301  Cloy  Street.  Son  Froncisco  11,  Calif. 
In  Conodo:  Conodion  Line  Materials,  Ltd.,  Toronto  13.  Canada 
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on  your  company  stationery 


tainers  feed  oil  to  the  shaft  through 
two  spring  tension  wicks  at  each 
bearing. 

Neoprene  motor  mountings  which 
absorb  vibration  are  not  affected  by 
oil  or  grease.  Length  over  bearings 
8i  inches,  housing  diameter  4U 
inches,  weight  15  pounds. 


Remote  Indicator 

W.  C.  Dillon  and  Co.,  Inc.,  5410 
West  Harrison  St.,  Chicago  44,  Ill. 
The  Tensotrol  is  essentially  a  self- 
synchronous  motor  designed  for 
mounting  on  a  dynamometer  beam 


A  new  informative  booklet  on  gears. 


It  has  illustrated  sections 


practically  every  known  form  of  gearing. 


together  with 


many 


reference 


tables  and  formulas.  Write  for  your  copy 


QilAKCil  CITY  GEAR  WORKS 


P.nna 


in  such  a  way  that  its  slightest  mo¬ 
tion  is  repeated,  through  a  wire  ca¬ 
ble,  at  one  or  more  repeater  stations 
with  an  accuracy  of  better  than  1* 
percent.  Each  repeater  measures 
12  X  14  X  5  inches  and  weighs  10 
pounds.  Operation  requires  a  source 
of  12  volts  d-c. 


MegQhmmeter 

Freed  Transformer  Co.,  Inc.,  72-78 
Spring  St.,  New  York  12,  N.  Y.  The 
Model  1020  megohmmeter  can  be 
used  to  measure  insulating  mate¬ 
rials,  capacitors  and  transformer 
windings.  An  internal  source  of  high- 
voltage  is  provided.  Measurements 
can  be  made  in  the  range  1  to  1,000,- 
000  megohms  to  an  accuracy  of  be¬ 
tween  plus  or  minus  3  and  plus  or 


JNjfe 

VPuaker  City  Gear  Works 

'MCOUPO.ATED 

1910  N.  Front  Street,  Philadelphia  22,  Pa. 


Yours  for  the  asking 
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OATMOOe  RAY 
NOLL  DETECTOR 
r»»e  Tor-n  ttmti.  m  m 
OENCRAL  radio  CO 

0*I«>IIIO«I  tUMO  t  A 


4  SWEEP  FPfQ.  -- 


ON  LJHC  CJfT  nt 

^  'O 

Off 

PHASf 


FOC08 


BRlLLIANOC 

A 


TUNINO 


OAIN 


SWEEP  AMRUTUOC 


StLECTlvav 


IMPROVED  NULL  DETECTOR 

for  a-c  Impedance  Bridges 

SENSITIVE  •  RUGGED  •  CONVENIENT  TO  OPERATE 


The  G-R  Type  707-A  Null  Detector,  temporarily  withdrawn  from  production  during  the  war, 
is  now  available  again.  It  uses  a  one-inch  cathode-ray  tube  in  a  non-inductive  degenerative 
amplifier  circuit,  with  tuning  and  phasing  networks  and  sweep  and  sensitivity  controls.  As  a  null 
detector  on  any  a-c  impedance  bridge  its  advantages  over  former  types  of  detectors  are  numerous, 
and  include : 


'I  — Operation  in  noisy  locations 

2  — Not  affected  by  strong  fields 

2  — May  be  used  at  all  frequencies  up  to  2 
kilocycles,  and  higher  as  an  untuned 
amplifier 

^  — Separately  indicates  balance  of  the  resis¬ 
tive  and  reactive  components 

^  — Makes  possible  precise  balancing  of 
either  component  with  only  moderately 
close  balance  of  the  other 

^  — Precise  measurement  of  the  steady  com¬ 
ponent  can  be  made  while  the  other  varies 
erratically 


7  — Shows  immediately  any  drift  of  either  or 
both  components 

g  — Provides  positive  indication  of  the  direc¬ 
tion  of  off-balance  for  either  component, 
as  selected 

9  — Can  be  calibrated  to  show  the  degree  of 
unbalance 

-j  Q  — Can  be  used  at  all  times  at  maximum  sen¬ 
sitivity,  even  with  the  bridge  far  off- 
balance 

1 1  — Supplies  instantaneous  response 

*1  2  — Will  withstand  any  overload  caused  by 
marked  off-balance  and  is  instantaneous 
in  recovery 


The  imput  impedance  of  the  detector  is  one  megohm.  Its  sensitivity  is  100  microvolts  at  60 
cycles  and  200  to  300  microvolts  at  1,000  cycles.  Its  selectivity  is  40  db  against  the  second  har¬ 
monic.  Plug-in  units  tune  the  amplifier  to  any  operating  frequenc)'  desired  between  20  and  2,000 
cycles  with  a  continuous  tuning  range  of  ±5%  for  each  unit. 


Type  707— A  CATHODE-RAY  NULL  DETECTOR. . .  .$250.“ 

NOTE!  We  have  a  few  in  stock.  ORDER  NOW! 


GENERAL  RADIO  COMPANY 

90  West  St.,  New  York  6  920  S.  IVlichigan  Ave.,  Chicago  5  950  N.  Highland  Ave.,  Los  Angeles  58 


ELECTRONICS  — August.  1946 


227 


p 


Now  You  Can  Make  Direct-Inking  Recordings 
from  D.  C.  to  100  cycles  per  second! 

Brush  Magnetic  Oscillographs 
Revolutionize  Measurement-Recording 


6  channel  magnetic 
oscillograph  recording  6  sig¬ 
nals  simultaneously.  With  all 
Brush  Magnetic  Oscillographs  record¬ 
ing  is  direct  and  instantaneous— may 
be  stopped  ior  chart  paper  notations. 


Brush  Magnetic  Oscillographs  may 
be  used  for  detailed  recording  of 
virtually  every  conceivable  type  of 
measurement  that  can  be  made  in 
the  form  of  electrical  impulses.  The 
Magnetic  Pen  Motor  is  capable  of 
recording  a  D.  C.  signal.  Used  with 
the  BL-905  amplifier,  the  frequency 
range  is  from  .2  to  100  cycles  per 
second.  Recordings  are  direct,  instan¬ 
taneous,  ink-on-paper  graphs. 

Usefulness  of  Brush  Magnetic  Oscillo¬ 
graphs  is  almost  unlimited.  Can  be 
used  for  recording  strains,  pressures, 
vibrations,  temperatures,  light  inten¬ 
sity,  displacement,  counting,  phase 
relationships,  currents  and  voltage, 
acceleration  and  deceleration,  inertia 
and  countless  other  phenomena. 

Brush  engineers  will  be  glad  to 
work  with  you  in  determining  the 
equipment  needed  to  meet  your 
particular  problems.  Write  today 
for  detailed  bulletin. 


Th«  Brush  Double-Chcmnul  Oscillo¬ 
graph  with  cover  off. 

Especially  suited  for  synchronizing 
problems  where  two  simultaneous 
recordings  are  reguired. 

Two  recording  penmotors  and  pens. 
Three-speed  paper  drive,  5,  25,  125 
mm  per  sec.  Chart  paper  3i%2"  wide. 


The  Brush  Single-Channel  Oscillo¬ 
graph-ideal  ior  counting,  tempera¬ 
ture  recording,  etc.  One  recording 
penmotor  and  pen.  Three-speed 
paper  drive,  5,  25,  125  mm  per  sec. 
Chart  paper  2%"  wide. 


THE  BRUSH  DEVELOPMENT  CO. 

Canadian  Repretentatives: 

A.  C.  WICKMAN,  (Canada)  Ltd.,  P.  O.  Box  9,  Station  N  •  Toronto,  14 


minus  8  percent.  Operation  from  a 
105-  to  125-volt,  60-cps  line  consumes 
32  watts.  The  unit  measures  9^  X 
10}  X  8  inches  and  weij?hs  21  pounds. 


Vibrotroii  Tube 

Radio  Corporation  of  America, 
Camden,  N.  ,T.  Not  in  production  but 
available  to  manufacturers  is  a  new 
tube,  essentially  a  triode  with  an 
electrode  movable  externally.  One 


use  for  the  new  device  is  as  a  direct 
phonograph  pickup.  Other  uses 
wherein  a  mechanical  motion  is  de¬ 
sired  as  a  circuit  variation  will  sug¬ 
gest  themselves. 


Autosoaler 

TracerLab,  Inc.,  55  Oliver  St,  Bo.s- 
ton  10,  Mass.  In  anticipation  of  re¬ 
search  involving  the  use  of  radio¬ 
active  isotopes,  the  Autoscaler  has 
been  designed  to  supply  operating 
voltage  for  a  Geiger  tube,  a  means  of 
counting  impulses  and  measuring  the 
time  required  for  reception  of  a 
given  number  of  impulses.  Pre¬ 
determined  counts  frorh  128  to '4,096 
are  chosen  by  electronic  scaler  cir¬ 
cuits  with  an  overall  re.solving  time 
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WHICH  OF  THESE  FOUR  WAYS  WOULD 
YOU  USE  TO  HOLD  BALL  BUSHINGS? 


Having  launched  a  revolutionary  new  product, Thornton  Industries,  Inc., 
Long  Island  City,  promotes  customer  satisfaction  by  also  determining 
the  most  efficient  method  of  installing  the  Ball  Bushing.  U'ith  all 
possible  methods  of  fastening  at  its  disposal,  Thomson  Industries 
recommends  Valdes  Truarc  Rings— and  proves  its  conviction  by  pre- 
frooving  the  Bushing.  Vhy?  The  reasons  are  obvious  on  this  page. 


Compare  the  compact  simplic¬ 
ity  of  this  Truarc  application 
with  the  designs  below,  any  of 
which  are  standard  good  prac¬ 
tice.  See  how  Truarc  cuts 
costs  of  material,  machin¬ 
ing  and  assembly. 


l^Thether  your  product  is  still  on  the 
board  or  has  been  in  use  for  years, 
there’s  a  Waldes  Truarc  Retaining  Ring 
that  will  make  it  simpler,  more  econo¬ 
mical  to  make  and  repair.  Truarc  Rings 
conform  to  NAS  standards,  give  a  never- 
failing  grip.  Truarc’s  constant  circular¬ 
ity  is  assured  by  its  patented  tapered 
design.  Truarc  engineers  can  guide  you, 
help  you,  make  suggestions.  We’ll  give 
your  particular  problem  individual 
attention  without  obligation. 


You  could  use  a  collar  like 
this,  with  its  extra  material,  tap¬ 
ping,  threading  and  additional 
assembly  time. 


You  could  fasten  it  with  bolts 
—look  at  the  extra  material 
and  machining  in  the  hous¬ 
ing;  see  how  it  complicates 
assembly. 


1 

n - 

f' 

- 

■SSS 

1, 

1 

You  could  retain  it  with  a 
heavy  external  collar— extra- 
material  and  labor,  more  time 
on  the  assembly  line. 


Waldat  Kohinoor,  Inc.,  Long  Island  City  1,  N.  Y.,  Dapt.  18-E 
Pleas*  tend  Free  Booklet  on  Tinarc  Retaining  Rings  to 

RETAINING  RINGS 

WAIDE8  ROHINOOI,  INC.,  LONG  ISLAND  CITY  I.  NEW  YORK 
VISIT  TRUARC  BOOTH  •  Inslrumanlation-lor -Tomotrow  Exhibit  •  HOTEL  WILLIAM  FENN.  PITTSBURGH  9  SEPT.  16-20 
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of  less  than  5  microseconds.  Inter¬ 
changeable  precision  timers  can  be 
chosen  for  the  anticipated  counting 
rate  range.  The  equipment  is  housed 
in  a  cabinet  lOJ  x  19  x  14  inches. 


still  deliverlnv  after 

102,000  HOURS 

Contlnwevs  Service 


Vehicular  Filters 


Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  The  type  MC 
vehicular  capacitor  filter  is  now  avail- 


In  July,  1944,  we  told  you  the  story  of  this 

i 

“defective"  Conant  type  M  rectifier  which  we 
kept  in  continuous  operation  in  an  effort  to 
discover  the  “defect"  a  customer  had  claimed. 

This  same  “defectixe"  Conant  rectifier  is 
still  operating  24  hours  every  day  after  more 
than  twelve  years.  And,  after  102,000 
hours,  it  still  delivers  its  original  output. 

Since  this  “time-honored  veteran"  was  built 
in  1934,  Conant  rectifiers  have  been 
continually  improved  to  make  them  more 
dependable.  So,  wherever  accuracy  and 
dependability  are  important,  you  can  Count 
On  Conant.' 

Write  today  for  details  about  Conajit's 
new  rectifier  assembly  that  eliminates 
temperature  variations. 


able  for  use  on  trucks  or  buses  on 
which  communications  equipment  is 
installed.  The  units  are  designed 
for  rough  service. 


Radiation  Intensity  Meter 

Geophysical  Instrument  Co.,  Key 
Boulevard  and  Nash  St.,  Arlington, 
Va.  As  an  aid  to  determining  the 
amount  of  radioactive  energy  to 
which  personnel  are  subjected,  a 
radiation  intensity  meter  has  been 
designed  that  gives  visual  and  aud¬ 
ible  alarms  whenever  siiecified  dos- 


ELECTRICAL  LABORATORIES  I 


6500  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


20  VvMy  St.,  N*w  Yorii  7,  N«w  York  518  City  Bank  Bldg.,  Kansas  City  8,  Mo.  1 526  Ivy  St.,  Donvar,  Colo. 

85  E.  Coy  St.,  Columbus,  Ohio  1212  Comp  St.,  Dallas  2,  Toxos  4214  Country  Club  Dr.,  Long  Booch  7,  CoL 

600  S.  Michigan  Avo.,  Chicago  5,  IB.  378  Boulovord  N.  E..  Atlanta,  Go.  Export  Div.,75  Wost  ^.,Now York  6,N.Y. 

1215  Harmon  f1.,  Minnoopolis  3,  Minn.  401 8  Groor  Avo.,  St.  Louis,  Mo.  50  Yarmouth  Rd.,  Toronto,  Conodo 


230 


August,  1946  —  ELECTRONICS 


G-E  Textolite  sheets,  tubes  and  rods 
are  fabricated  in  an  almost  unlimited  variety  of 
sizes  and  shapes,  and  the  General  Electric 
Company  has  the  necessary  equipment  to  do 
this  rapidly  and  economically — lathes,  saws, 
shears,  punches,  hobs  and  mills  ....  even 
specially  designed  machinery  to  speed  up  and 
lower  the  cost  on  large  production  runs. 


And  because  there  are  over  50  grades 
of  G-E  Textolite  to  select  from,  each  having 
an  individual  combination  of  properties — elec¬ 
trical,  mechanical,  chemical,  thermal — you  get 
a  grade  that  fits  your  needs. 


Correctly  machined  and  made  of  the 
right  material  for  your  application,  you  can  be 
assured  that  when  G-E  Textolite  fabricated 
parts  reach  you  they  will  do  the  job. 


Let  us  know  your  requirements.  Write 
to  Section  S-8,  General  Electric  Co.,  Plastics 
Divisions,  One  Plastics  Ave.,  Pittsfield,  Mass. 


G-E  TEXTOLITE  IS  SUPPLIED  IN  THE 
FOLLOWING  FORMS: 

SkMts,  Tvbes,  and  Rods  Molded  Lanunated  Parts 

Fabricated  Pmts  Post-Formed  Lamiaatos 

Nameplates  Transloceat  Laminates 

Lew-Pressore  Molded  Ports 


O-E  T«xtolit«  tubing  U  shown  boing  throadod  to  oxocting 
mochonicol  and  oloclrical  tpociflcotions  for  radio  coil  forms. 
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CONSOLIDATED’S 


ages  are  exceeded.  Calibration  is 
easily  and*  quickly  checked  by  un¬ 
skilled  personnel.  Operating  from 
any  outlet,  the  equipment  uses  40 
watts  of  power.  It  weighs  14  pounds 
and  is  8  X  10  X  8  inches. 


Analysis  Equipment 


Plastic  Capacitors 

Condenser  Products  Co.,  1375  North 
Branch.  St.,  Chicago  22,  Ill.  Type 
AOCE  Plasticon  capacitors  utilize  a 
plastic-film  dielectric  claimed  to  re¬ 
duce  weight  and  show  lower  losses 


provides  the  onswer  to 
prossoro,  vibrotion  ond  straio  moosoromoiit 


ioUov^ing  CO- 

,  to  meet  yout 


ACCELEROMETERS 


VIBRATION  PICKUPS 


Linear 

Torsional 


Linear 

Integrating 

Carrier 


than  equivalent  paper  types.  The 
new  line  has  been  designed  for  in¬ 
dustrial  applications  such  as  welding 
and  stroboscopic  devices. 


I  k.c.,  3  k.c.,  10  k.c. 
Compact  lightweight. 


BRIDGE  BALANCE  UNITS 
Carrier  and  d.c.  types 


Ortliocoiistic  Equalizer 

Cinema  Engineering  Co.,  1510  W. 
Verdugo  Ave.,  Burbank,  Calif.  The 
type  4137  equalizer  meets  NAB  spec¬ 
ifications  for  500-  and  600-ohm  cir¬ 
cuits.  Insertion  loss  is  16  db.  The 
units  measure  2'i  x  31  x  2\  inches 
overall. 


RECORDING 

OSCILLOGRAPHS 

Employing  high -sensitivity 
. . .  wide  frequency  range 
D'Arson  va  I  Ga  Iva  nometers. 


ELECTRICAL  STRESS- 
STRAIN  COMPUTERS 


Two-inch  Oscilloscope 

The  National  Co.,  Inc.,  Malden, 
Mass.  The  CRU  table-model  oscil¬ 
loscope  can  be  adapted  for  panel 
mounting  and  is  particularly  useful 
in  monitoring  modulation  percent¬ 
age  by  the  trapezoidal  method.  A 
60-cps  sweep  can  be  switched  on  if 
desired.  A  6X5  rectifier  and  2AP-1A 
cathode-ray  tube  are  employed. 


POWER  SUPPLIES 
and  OSCILLATORS 


PRESSURE 

MEASURING  CAPSULES 


for  cotoleg  and  ttoto  yewr  proklom. 


Electronic  Counter 

Atomic  Instrument  Co.,  156  Charles 
St.,  Boston,  Mass.  The  Model  101 
Scaler  selects  impulses  to  within  plus 
or  minus  1  percent  between  minus 
50  and  plus  100  volts  and  occurring 


Cofuolidalod  vibration  and 
strain  aquipnMnt  is  manwfoc* 
twrod  by  spociaUsts  in  Hm  do- 
sign  and  construction  of  scion- 
HAc  instrumonts. 
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the  "FINEST  CORED  SOLDER  IN  THE  WORLD 


AVAILABLE 

Special 

High  Conductivity 
RADIO  ALLOY 

90  tin/ 10  lead 


•« 


'^AT 


Our  claim  is  a  simple  one.  We  believe  that  Ersin  Multicore  is  the  finest  cored  solder  in  the  world.  If  you 
are  not  already  familiar  with  our  product,  we.J>elieve  it  can  be  of  special  assistance  to  you  in  your  soldering 
processes  whether  you  are  manufacturing^  10,000  radio  receivers  or  repairing  one  •  Ersin  Multicore  is  solder 
in  the  form  of  a  wire  containing  3  cores  of  non-corrosive  Ersin  Flux  •  You  get  a  guarantee  of  flux  continuity. 
The  Multicore  construction  gives  you  extra -rapid  melting.  Combined  with  a  super  active  Ersin  Flux — Exclusive 
with  Multicore — you  enjoy  a  speedy  and  consistently  high  standard  of  precision  soldering  •  Available  in  5 
alloys  and  9  gauges.  Please  write  for  detailed  technical  information  and  samples. 

I  ERSIN  MULTICORE 

Exclusive  U.S.A.  Distributors  :•  British  Industries  Sales  Corp.,  (Dept.  M.)  401  Broadway,  New  York  13,  N.Y, 
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PRODUCT  U 


Valeo  Mfg.  Co.,  Chicago, 
makes  these  food  storage 
boxes  for  United  Air  Lines 
.  .  .  using  INSUROK 
T-705.  The  designing  skill 
behind  the  successful 
material  recommendation 
made  here  is  available  to 
you  now.  Let  Richardson 
Plasticians  give  you  com¬ 
plete  information. 


ProbiMli:  To  produce  containers 
to  hold  either  hot  or  refriger¬ 
ated  foods.  Must  be  compacty 
lightweight;  must  resist  abuse 
and  possess  good  insulating 
characteristics. 


-DESIGR 


as  frequently  as  5  microseconds. 
Scaling  factors  of  8  or  64  are  se¬ 
lected  by  a  toggle  switch.  The  unit 
operates  on  105  to  125  volts,  50  to  60 
cps.  It  measures  20i  x  8i  x  101 
inches  and  weighs  40  pounds. 


and  capacitance  as  well  as  d-c  and  a-e 
voltages.  As  a  d-c  voltmeter,  the  in¬ 
strument  has  a  sensitivity  of  160  to 
16  ohms  and  measures  to  6,000  volts 
in  six  ranges.  The  a-c  voltmeter 
range  has  an  input  resistance  of  160 
to  16  megohms  and  can  be  used  from 
10  cps  to  10,000  cps.  Measurements 
of  capacitance  from  0.00005  to  2,000 
microfarads  and  resistance  to  100,- 
000  ohms  are  possible. 


Radio  City  Products  Co.,  Inc.,  127 
W.  26th  St.,  New  York,  N.  Y.  The 
Model  668  vacuum-tube  voltmeter 
can  be  used  to  measure  resistance 


Solution:  Richardson  Plasti¬ 
cians  recommended  use  of 
INSUROK,  Grade  T-705 
post  forming  material  for 
outer  and  inner  liners,  as 
well  as  for  tray  supports 
and  dry  ice  containers.  Low 
thermal  conductivity  re¬ 
duces  wall  thickness  re¬ 
quired  for  standard  insula¬ 
tion  materials. 


Vacuum-tube  Voltmeter 


j  United  Air  Lines  food 

•  storage  container, 

•  made  of  Laminated 

:  INSUROK  by  Valeo 

•  Mfg.  Co.,  Chicago 

• 

• 

i 

Aircraft  Transmilter-receiver 
Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  A  new  aircraft  transmitter- 
receiver,  type  18S-1,  features  quick, 
automatic  frequency  shift  with  all 


. 


y/u-  RIOLXRDSON  COMPANY 

So/n  Hrod<jvo.f.Ti  MEIROSE  PARK,  ILL.  FOUNDED  1  8  5  8  LOC  K  L  A  N  D,  Cl  NCINN  ATI  15,  OH  I O 


Nnv  YOtK  N.  Y.,  75  WEST  STRKT  ROCHESTER  4,  N.  Y.,  1031  SMEY  TOWBIS  BLDG. 

DETROIT  2,  MICH^  6-2S2  O.  M.  BURDOIO  SoIm  OMcm  MULWAUKS  3,  WIS.,  743  NO.  FOURTH  STRBT 
ST.  LOWS  1%  MO,  5579  PERSMNO  AVE  OEVOAND  15,  OMO,  336-7  FlYMOUTH  BLOa 

PMLAOBPMA  40,  FA.,  3735  Na  BROAD  St. 
rmutmiuti  MKROSB  FARK,  RL  •  NEW  BRUNSWIOC,  N.  A  •  INDIANAFOilS,  IND. 
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POTTER 


circuits  pretuned.  The  equipment  has 
ten  operating  channels  with  two  fre¬ 
quencies  per  channel.  The  receiver 
unit  is  controlled  by  a  separate  group 
of  crystals.  The  frequency  range  cov¬ 
ered  by  this  equipment  is  2.0  to  10.0 
megacycles.  Altitude  range  is  25,000 
feet  for  full  power  operation  of  bet¬ 
ter  than  100  watts  output.  The  equip¬ 
ment  is  designed  to  operate  into  a  50- 
ohm  transmission  line.  Remote  con¬ 
trol  is  provided. 

The  receiver  features  avc,  auto¬ 
matic  noise  limiter,  optional  dual 
output,  one  stage  of  tuned  r-f  ampli¬ 
fication,  and  an  output  of  100  milli¬ 
watts.  It  operates  directly  from  a 
26.5-volt  d-c  source. 

The  entire  weight,  including  trans¬ 
mitter,  receiver,  dynamotor  for 
transmitter,  and  shock  mount,  is  60 
pounds.  All  equipment  excludinff 
shock  mount  is  contained  in  a  single 
dust  cover  of  1}  ATR  unit  size. 


R  Eleeti^nic 
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It  ISO 
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-  Contained  —  Oil-Filled 
with  Neoprene  Bakelite  Seals 

VASTLY  SUPERIOR  TO  ORDINARY  CARDBOARD  TUBULARS 


Recorder-drive  Meelianisin 

Clarke  Instrument  Corp.,  4236 
Forty-fifth  St.,  N.  W.,  Washington 
16,  D.  C.  The  continuous-graph  re- 


ilOW  — with  the  increasing  multitude  of  electronic  applica¬ 
tions,  exacting  the  utmost  in  dependability,  make  sure  with 
Potter  Quality. Light,durable, space-saving — the  highest  achieve¬ 
ment  in  capacitor  material  design  and  construction,  for  today*s 
precision  requirements  in  electronics.  .^4/// /;//;////;/- contained  — 
oil-filled — neoprene  bakelite  seals.  Durable.  Space-saving.  Far 
surpassing  cardboard  tubulars  hi  every  point. 

Here’s  Evidence!  Remarkable  Record  of  Potter  Acceptonce 

Under  the  most  rigid  Signal  Corps  inspection  —  under  condi¬ 
tions  of  the  most  intense  humidity,  acceptance  of  POTTER 
CAPACITORS  ran  99  9/10  percent.  Potter  Capacitors  have  been 
specified  for  many  types  of  Army,  Navy,  and  C.A.C.  equipment. 

Assure  your  product  the  constant,  high  fidelity  reproduction 
of  Potter  Capacitors  to  your  specifications — performance  always 
faithful  to  the  ideal,  under  any  and  every  condition  of  operation. 

In  ratings  up  to  2,S00  volts 

Ask  for  full  details.  Get  all  the  facts  on  Potter  superiorities— 
and  compare!  PROMPT  DELIVERY.  Wire  or  Write 


corder-drive  mechanism  type  102 
and  the  speedometer  tee  type  101  are 
both  necessary  in  adapting  standard 
Esterline- Angus  recorders  for  mobile 
recording  of  field  strength  as  re¬ 
quired  by  FCC  for  proof  of  perform¬ 
ance  of  television  and  f-m  station 
operation.  Various  chart  speeds  can 
be  selected  at  will  or  the  recorder  can 
be  disengaged  quickly. 


Grid-control  Rectifier 

Electrons,  Inc.,  127  Sussex  Ave., 
Newark  4,  N.  J.  The  C16J  is  a  xenon- 
filled  rectifier  of  the  thyratron  type, 
Filament  voltage  is  2.5  volts;  cur- 
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American  Shielding 


A  YEAR  OR  SO  AGO,  Capital  Airlines— PCA  found  that  the  replacement  of  spark 
plug  leads  reached  nearly  50%  at  750  hours. 

The  new  American  Type  HTCD  Shielding  Conduit  assemblies  were  accord¬ 
ingly  tried  out,  and  Luther  Harris,  Vice  President  in  Charge  of  Engineering  and 
Maintenance,  reports  as  follows: 

“Several  American  Brass  assemblies  have  reached  3000  hours  total  operating 
time  with  no  replacement  of  parts  necessary  in  the  field  or  at  overhaul.  The  sharp 
change  in  replacement  rate  plus  the  fewer  delays  due  to  harness  malfunctioning 
have  saved  much  of  both  money  and  time  for  Capital  Airlines.” 

Equally  important  are  the  exceptional 

shielding  properties  characteristic  of  Ameri-  _ 

can  HTCD  conduit  —  conclusively  demon¬ 
strated,  time  and  again,  by  both  laboratory 
and  field  tests.  Consisting  of  an  interlocked, 
coated  stainless  steel  flexible  inner-core,  two  # 

carefully  designed  tinned  copper  w'ire  braids 

and  a  water-tight  synthetic  jacket,  this  conduit  AIBTAI  UACe 

combines  desirable  electrical  properties  with 

from/  mechanical  construction.  American  J||E  AMERICAN  BRASS  COMPANY 

HTCD  types  of  conduit  are  suitable  for  any  American  Uelal  Hate  Branch 

ignition  shielding  application  or  for  use  wher-  Waterbury  88,  Connecticut 

ever  a  rugged,  long-lived  flexible  conduit  hav-  S,U„iJi„ry  of  Anaconda  Copper  AUmng  Co,„pouy 

ing  a  high  degree  of  shielding  effectiveness  is  In  Canada:  Anaconda  American  Brass  Ltd., 

required.  Ask  for  our  “Data  Book  for  Electron- 
ics  Industries.”  *«»» 
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rent,  31  amperes;  peak  forward 
voltage,  1,000;  steady  direct  current, 
12  amperes ;  peak  direct  current,  100 
amperes.  Useful  for  welding  control 
or  power  rectifier,  the  tube  is  12i 
inches  high. 


Expansion  Joint 


Vhf  Receiver 

Federal  Telephone  and  Radio 
CoRP.,  Newark,  N.  J.  The  139-A  re¬ 
ceiver  is  a  single-channel,  crystal- 
controlled  vhf  equipment  for  use  in 
the  commercial  aviation  field  at  any 
desired  point  in  the  108-132  mega- 


The  outstanding  features  of  cor¬ 
rosion-resistant  18-8  Austenitic 
Stainless  Steel  enable  wider  applica¬ 
tion  of  C.  M.  H.  Bellows.  This  is 
because  stainless  steel  has  the  neces¬ 
sary  characteristics  to  assure  long 
life  and  low  maintenance  cost. 

C.  M.  H.  Bellows,  for  example, 
with  a  working  range  of  sub-zero 
to  a  scaling-point  of  1800**  F.  are 
not  bothered  by  temperatures  .  .  . 
hot  or  cold.  In  addition,  they  have 
multiple-ply  construction  for  greater 
strength;  ferrous  fittings,  attached 
by  Circular  Seam  Welding  t«  insure 
leakproof  joints;  uni-metal  assem¬ 
blies  which  avoid  troubles  often 
encountered  when  bi-metal  or  solder 
joints  are  used.  These  and  other 
features  warrant  your  consideration. 
Write  for  Bulletin  SS  B-46. 


MOVEMENT 

Flexible  Connector 


cycle  band.  It  mounts  on  a  standard 
relay  rack,  requiring  a  depth  of  9 
inches.  The  7-inch  front  panel  is 
hinged  for  access.  Components  are 
mounted  horizontally  on  the  rear  of 
the  chassis  as  well  as  behind  the 
panel  so  that  maintenance  is  easily 
accomplished. 


Pressure  Motor 


MO^£MENT 


Compensator  for  Headers 


Record  Changer 

Rexon,  Inc.,  295  Fifth  Avenue,  New 
York  City,  is  -general  distributor  of 
the  Thorens  type  CD  40  record 
changer  which  combines  several  in¬ 
teresting  features.  Any  record  can 
be  wholly  or  partially  repeated  with¬ 
out  removing  other  records.  Any 
record  can  be  rejected  before  or  dur¬ 
ing  playing'Or  delayed  without  shut¬ 
ting  off  the  machine.  Eight  records, 
either  10  or  12  inches,  can  be  mixed 


Flexible  Metal  Hose  for  Every  Industrial  Use 


1 1 

CHICROO IRETRLHOSE  Corporation 

V  I  I  I  I  I 


mAVUIOOD,  lUlNOIt 

Plants:  Maywood  and  Elgin,  HU 
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applications  for  quantity  production. 
The  oldest  and  largest  manufacturer 
of  loud-speakers,  Magnavox  is  your 
guarantee  of  the  finest  speakers  and 
electrolytic  capacitors.  There  is  no  sub- 
stitute  for  experience!  The  Magnavox 
Company,  Components  Division, 
Fort  Wayne  4,  Indiana. 


I  "^OR  over  thirty  years  Magnavox 
has  set  the  pace  in  the  man¬ 
ufacture  of  loud-speakers  and  com¬ 
ponent  parts.  The  inventions  and 
developments  of  Magnavox  en¬ 
gineers  and  designers  are  established 
as  standards  of  the  radio  industry. 

Magnavox  specializes  in  custom 


Dependability!  Economy! 
Durability!  Time-Tested  Qualities 
of  Magnavox  Components. 


has  served  the  radio 


industry  for  over  30  years 


cs 
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MILFORD 

fastening 

equipment 


lot  DESIGN  ud  PRODUCTION  ENGINEERS 

With  MHford  Fastening  Equipment,  rivets  and  rivet-setting  machines,  heavily  oversold  temporarily, 
it  is  foresighted  to  plan  assembly  operations  while  Future  products  are  still  on  the  drawing 
board.  Milford  will  gladly  work  with  you  along  this  line. 


MAGNETIC  WINDINGS  CO. 

EASTON,  PENNA. 


Ihis  robot  bomb  pa  .  n,a(hine 

^  by  fastening  th.s  ro  t, tally 

Ued  lub*'  ^ 


joniped  ^60 

‘rnus  P- 

3OO  /o 


Two  small  end  rivets  were  de¬ 
pended  on  to  hold  permanently  to¬ 
gether  a  set  of  metal  plates.  Set¬ 
ting  these  rivets  by  hand  was  slow 
and  tedious;  delayed  a  vitally 
needed  part. 

But  since  the  rivets  were  stand¬ 
ard-sized,  they  could  be  set  im¬ 
mediately  by  a  standard  machine. 
The  change-over  was  easy;  the 
production  increase  inevitable. 

To  users  of  Milford  Fastening 


Equipment  this  is  not  news.  Ever 
since  Milford  rivets  and  rivet¬ 
setting  machines  first  fastened 
metal,  wood,  fabric  or  plastic  parts 
together,  they  have  been  smashing 
assembly  bottlenecks,  often  with 
even  greater  savings  in  time  and 
labor  costs.  Catalog  on  request. 

PLEASE  NOTE:  Until  material 
becomes  regularly  available  to  fill 
back  orders,  immediate  deliveries 
are  not  always  possible. 


and  played,  the  machine  stoppinj,^ 
automatically  at  the  end  of  the 
series.  The  equipment  is  spring- 
mounted  and  well  constructed  me¬ 
chanically.  A  crystal  pickup  is  in¬ 
cluded.  The  a-c  motor  operates  on 
100  to  250  volts,  50  to  60  cps. 


Microwave  Demonstrator 

General  Electric  Co.,  Syracuse, 
N.  Y.  Designed  for  microwave  dem¬ 
onstrations  and  amateur  use,  a  new 
lighthouse  tube  cavity  oscillator,  an- 


THE  MILFORD  RIVET  &  MACHINE  CO. 

,  859  Bridgeport  Ave.  1002  West  River  St. 

MILFORD,  CONN.  ELYRIA,  OHIO 


Inquires  may  also  ba  oddrstsad  la  our  subsidiary: 

THE  PENN  RIVET  &  MACHINE  CO.,  PHILADELPHIA  33.  PENNA. 

Dasignart  and  ManufaHurars  of:  SPECIAL  COLD-HEADED  PARTS;  SPLIT,  SEMI-TURULAR  AND  DEEP- 
DRILLED  RIVETS;  RIYET-SEniNC  MACHINES;  SPKIAL  MACHINE  SCREWS  AND.SCREW  MACHINE  PARTS. 


tenna  and  reflector  operate  at  2,400 
megacycles.  Power  for  operation  is 
obtained  from  any  110- volt,  60-cps 
outlet.  A  simple  crystal  detector  and 
microammeter  are  used  to  demon¬ 
strate  reception  phenomena. 


Video  Amplifier 

PoLARAD  Electronics  Co.,  135  Lib¬ 
erty  St.,  New  York,  N.  Y.,  Designed 
for  television  and  other  broad-band 
applications  the  video  amplifier  now 
available  has  a  gain  of  41.5  db  and  is 
flat  within  plus  or  minus  11  db  from 
100  cps  to  20  me.  Input  impedance 
of  the  attached  probe  is  12  micro- 
microfarads  across  4.7  megohms. 
Output  voltage  is  56  volts  peak  to 
peak.  A  frequency  compensated  at¬ 
tenuator  is  calibrated  in  10  db  steps 
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LET  BENTLEY,  HARRIS  WAR-TIME  RESEARCH  PAY  DIVIDENDS  FOR  YOU  lODAY. 


In  the  ^iant  transports  that  carried  American 
supplies  over  the  Hump  to  China,  brush  shunts  on 
the  generators  required  an  electrical  insulation  that 
would  not  burn  even  in  direct  contact  with  tlame, 
would  not  crystallize  even  at  sub-zero  tempera¬ 
tures.  Now  read  what  the  brush  manufacturer  re¬ 
ported:  "The  flexible,  non-fraying  Fiberglas  Sleev¬ 
ing  with  high  dielectric  strength,  which  Bentley, 
Harris  developed  for  our  brush  shunts, 
answer  to  one  of  our  most  vexing  (^rol^l^is.X- 


Test  BH  I'iberglas  Sleeving  in  your  own  plant, 
in  your  own  product — under  actual  service  con¬ 
ditions.  Compare  it  with  ordinary  saturated  sleev¬ 
ing.  See  how  it  speeds  up  assembly.  Resists  grease, 
oil  and  moisture.  ^X'ill  not  burn  even  in  direct 
contact  with  flame.  Learn  why  America’s  leading 
jg^ers  of  home  appliances,  radios  and  industrial 
j^^ipment  have  standardized  on  BH  Fiberglas 
Sleevings  in  their  plans  for  post-war  production. 


*sTLEY,  Harris  MraTIto.,  Conshohocken,  Pa. 

/7 


/-/r  /-/"!  "  !sr  /-y  -iw  — 

y  /  ■  y.  .  '  ■  ■- 


BH 

SLEEVIJGS 

PH  Non-Fraying  Fiberglas  Sleevings  are  made  by  an  exclusive  Bentley,  Harris  process  (U.  S.  Pat.  No.  2  W1550).  Fiberglas”  is  Reg.  TM  of  Owens-Corning  Fiberglas  Corp. 


- USE  COUPON  NO\(' - 

Bentley,  Harris  Mfg.  Co.,  Dept.  E-1,  Conshohocken,  Pa. 

Send  samples  of  BH  Fiberglas  Sleeving  for. _ _ _ _  —  - _  _ _ _ _ 

(product) 

I  am  principally  interested  in  an  insulation  that  is:  D  Non-fraying;  O  Flexible  as  string;  C  Non-burning;  □  Heat  Resistant  to  12tK)®; 
L  Unaffected  by  oil,  moistare,  grease;  Q  Non-cracking  when  bent;  Q  High  dielectric. 

name - COMPANY' _ 

address _  _ _  _  _ _ _ 
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THIS  SPACE  miRVEJ>  TOP 


from  0  to  50  db  and  a  fine  control 
erates  over  a  10  db  range. 


Miniature  R-f  Coils 

Barker  and  Williamson,  235  Fair- 
field  Ave.,  Upper  Darby,  Pa.  Mini- 
ductors  are  high-Q,  r-f  coils  useful 


CLEAR  SAILING  FOR  YOU 


Breathe  deeply!  Taste  the  tang  of 

salt  in  the  air?  You're  out  from  behind 

the  eight  bail,  fellow,  you're  up  there  be- 

hind  the  mast.  All  your  cares  and  worries  are 

forgotten  —  leave  your  troubles  to  Macallen.  Be-  V 

cause  if  you  use  Mica  in  any  form,  Macallen  has  the  ^ 

vast  resources,  the  wide  technical  knowledge  and 

the  extensive  physical  equipment  to  solve  your 

problems  perfectly.  I 

And  Macallen  represents  over  half  a  century  of  working  with 
Mica.  Whether  you  make  motors  or  generators,  condensers  or 
transformers,  if  you  use  Mica,  then  Macallen  is  your  most  re¬ 
liable  and  dependable  source  of  supply.  For  clear  sailing  ahead 
—  leave  your  troubles  to  Macallen. 


as  tank  coils,  high-frequency  trans¬ 
formers  and  loading  coils.  Available 
in  several  diameters  and  wound  in 
four  different  pitches,  the  inductors 
are  being  packaged  in  two-  and  three- 
inch  lengths. 


Shipps  Radio  Station 

Mackay  Radio  and  Telegraph  Co.^ 
67  Broad  St.,  New’  York  4,  N.  Y. 
Main  features  of  the  new’  ship’s 
equipment  are,  main  transmitter  and 
receiver,  high  frequency  transmit¬ 
ter  and  receiver,  emergency  trans¬ 
mitter  and  receiver,  automatic 
alarm  receiver,,  all  components  con¬ 
tained  w’ithin  a  space  80  x  19 A  x  54  V 
inches. 


When  You  Think  of  MICA,  Think  of  MACALLEN 


Percentage  Timer 

R.  W.  Cramer  Co.,  Centerbrook. 
Conn.  Time  percentage  control  of 
industrial  operations  eliminates  the 
lag  encountered  in  the  use  of  stand- 


16  MACALLEN  STREET- BOSTON  27 

CHICAGO:  565  W.  Washin|ton  Blvd.  CLEVELAND:  2005  LMdw  Bld|. 
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THE  NC.2.40D 


.  .  .  WITH  AMATEUR  BAND  COVERAGE 


Every  feature  the  amateur  needs  is  found  in  the  superb  NC-2- 
40D  receiver.  Special  expanded  coil  ranges  for  the  10,  20,  40 
and  80  meter  bands  are  included  in  addition  to  general  cover¬ 
age  from  490  Kc.  to  30  Me.  Each  amateur  band  is  spread  over 
80%  of  the  dial  range  and  the  full  vision  dial  shows  your  loca¬ 
tion  in  the  band  at  a  glance.  Stability  and  sensitivity  are  out¬ 
standing.  A  wide  range  crystal  filter  gives  optimum  selectivity 
under  all  conditions.  The  series- valve  noise  limiter,  the  A  VC, 
beat  oscillator,  tone  control  and  S-meter  are  among  the  many 
auxiliary  circuits  that  contribute  toward  the  all-around  excel¬ 
lence  of  the  NC-2-40D.  See  it  at  your  dealer's, 


THAT 

CAN  BE  SOLVED 


aid  thermostatic  devices.  The  type 
PE  timer  is  designed  to  close  or  open 
an  electric  circuit  for  a  percentage  of 
a  definite  length  of  time.  It  operates 
on  alternating  current  and  can  be 
furnished  in  a  number  of  contact 
combinations. 


Ion  Gage 

General  Electric  Co.,  Schenectady, 
N.  Y.  A  new  ion  gage  and  control 
unit  are  capable  of  measuring  pres¬ 
sures  as  low  as  10'’  millimeters  of 
mercury.  Detection  of  small  changes 


HAYDON  AC 


is  possible  and  a  protective  circuit 
turns  off  the  gage  tube  filament  at 
pressures  above  10*'  millimeters.  The 
tube  itself  is  a  special  glass  triode 
with  a  tubulation  for  connecting  to 
the  vacuum  system. 


HAYDON  AC  Timing  Motors  can  be 
made  to  perform  one  revolution  every 
1000  hours  or  27  million  times  as  many. 
Whatever  your  particular  requirement 
may  be,  a  HAYDON  AC  Timing  Motor 
can  be  engineered  to  fit. 

More  than  a  million  HAYDON  units 
now  measure  and  motivate  industrial 


F-iii  Aiiteniiu 

Federal  Telephone  and  Radio 
CORP.,  Newark,  N.  J.  A  square  loop 
antenna  when  used  in  8-bay  assem¬ 
blies  provides  a  power  gain  of  9;  a 
16-bay  gives  a  gain  of  20.  Under 
present  FCC  restrictions  on  the  ef¬ 
fective  radiated  power  from  f-m  sta¬ 
tions,  broadcasters  can  use  lower 
power  transmitters  in  conjunction 
with  antennas  of  this  type.  The  an¬ 
tenna  units  are  supported  by  a  lattice 


operations 


5£ND  FOK  ENGINEERING  DATA  BOOK 


1  r  1 

ELECTRONEERED  TIMING 


CoMHteticui 
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Tungsten  contacts  of  comparatively 
dull,  soft  finish  (left  illustration) 
rapidly  succumb  to  oxidation,  seri¬ 
ous  limiter  of  current-interrupting 
capacity.  The  superior  brightness  of 
Wilco  Tungsten  Contacts  indicate  a 
much  harder,  more  resistant  finish. 


Their  brighter,  harder  finish  resists  oxidation — 
makes  for  longer  life  and  higher  standards  of  performance 


WILCO 

PRODUCTS  INCLUDE: 

CONTACTS 

Silver 

Platinum 

Tungsten 

Alloys 

Sintered  Powder  Metal 

THERMOSTATIC  BIMETAL 

All  temperature  ranges,  deflection 
rates  and  electrical  resistivities 

SILVER  CLAD  STEEL 
JACKETED  WIRE 

Silver  on  Steel,  Copper,  Invar  or 
other  combination  requested. 

ROLLED  GOLD  PLATE 
AND  WIRE 
SPECIAL  MATERIALS 


To  manufacturers  of  medium  and  high-speed  make-or-break  mechanisms, 
the  cleaner,  brighter  appearance  of  WILCO  Tungsten  Contacts  is  a 
valuable  clue.  Their  positive  and  lasting  luster — which  makes  the  finish 
of  other  tungsten  contacts  seem  dull  by  comparison — is  the  hallmark  of 
contacts  uniquely  able  to  resist  oxidation.  This  is  not  only  because  Wilco 
Tungsten  Contacts  are  made  of  99.9%  pure  tungsten,  but  because  they  are 
brought  to  the  hardest  possible  finish  by  exclusive  Wilco  processes  developed 
under  ^  ilco  Technicians  . . .  men  of  vast  skill,  knowledge  and  experience. 

^’ilco  Tungsten  Contacts  have  extremely  high  melting  point,  lasting  resist¬ 
ance  to  oxidation,  high  density,  low  vapor  pressure  at  elevated  temperatures, 
high  strength  and  arc  resisting  properties. 

CONSULT  OUR  ENGINEERING  DEPARTMENT— A  representative 
of  the  ^  ILCO  Sales  and  Engineering  Department  will  gladly  help  develop 
the  proper  application  of  WILCO  materials  to  your  products. 

THE  H.  A.  WILSON  COMPANY 

105  Chestnut  St.,  Newark  5,  N.  J.  •  Branch  Offices:  Chicago,  Detroit,  Los  Angeles 


SPECUUSTS  FOR  30  YEARS  IN  THE  MANUFACTURE  OF  THERMOMETAIS  •  ELECTRICAL  CONTACTS  •  PREHOUS  MHAL  BIMETALLIC  PRODUCTS 
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tower  designed  not  to  disturb  the 
radiation  pattern  of  the  loop. 


Warble-lone  Oscillator 

Sound  Apparatus  Co.,  233  Broad¬ 
way,  New  York  7,  N.  Y.  The  oscil¬ 
lator  has  been  designed  for  use  with 
the  Model  PL  Automatic  high-speed 
power  level  recorder  and  model  FR 


automatic  frequency-response  re¬ 
corder  for  executing  measurements 
such  as  reverberation  time  and  sound 
absorption  of  acoustic  materials.  A 
loudspeaker  and  microphone  are  in¬ 
cluded. 


General  Grant 


Was  Right 


He  had  one  idea  .  .  to  win  a  war.  He  had  one 
plan  .  .  and  he  stuck  to  that  plan  until  the  war 
was  won. 


We  wind  coils  for  those  who  need  them.  That's 
our  business  and  we're  going  to  stick  to  it.  We're 
specialists  and  do  not  moke  apparatus  requiring 
coils,  thus  avoiding  competition  with  those  we 
hope  to  serve. 

So  far,  we  have  been  able  to  do  a  rather  remark¬ 
able  job  as  winders  of  coils  in  spite  of  postwar 
limitations.  If  you  require  coil  windings,  we 
should  be  pleased  to  show  you  how  well  we 
con  serve  you. 


Feed-through  Capacitors 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  Hermetically 
sealed  metal  cased  capacitors  with  a 
low  inductance  are  now  available  for 


noise-filter  service  on  electrical  ma¬ 
chinery.  Rated  at  600  volts  d-c,  the 
units  have  capacitances  in  the  range 
0.01  to  0.5  microfarads.  They  have  a 
low  power  factor  and  are  unaffected 
by  temperatures  as  high  as  85  C. 


COTO-COIL  CO.JNC 

COIL  SPECIALISTS  SINCE  1917 

65  PAVILION  AVE.  PROVIDENCE  5,  R.  I. 


Low-loss  Feeder 

Federal  Telephone  and  Radio 
Corp.,  Newark,  N.  J.  Polyethylene- 
insulated  twin-conductor  transmis¬ 
sion  line  with  characteristic  im¬ 
pedances  of  100,  200  or  300  ohms 
is  available  for  television,  f-m  or 
other  high-frequency  antenna  sys- 
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book  company 
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Jn  Preparation  —  First  volumes  ready  in  1947 


3t€issigt*hus0*iis  insiiiuig*  o/  Technggifgffy 
HAMATiOX  LAB0mATORY  SEHMES 


LOUIS  N.  RIDENOUR 

This  series  oi  27  titles  and  a 

,  .  j  ...  Editor  in  Chief 

general  index  were  written 

and  edited  principally  by 

members  oi  the  Radiation  Laboratory,  maintained  durinq 
the  war  at  the  Massachusetts  Institute  oi  Technology  under 
contract  with  the  National  Deiense  Research  Committee  oi 
the  Oiiice  oi  Scientiiic  Research  and  Development.  The 
Laboratory  was  the  ioremost  U.  S.  research  and  develop¬ 
ment  institution  in  the  iield  oi  microwave  radar. 


GEORGE  B.  COLLINS 


Deputy  Editor  in  Chief 


rather  than  to  treat  each  part 


oi  the  work  in  terms  oi  its 


contributions  to  radar.  The 


useiulness  oi  the  Series  will  thus  extend  over  all  the  iields 


— communication,  television,  industrial  instrumentation  and 


It  is  the  aim  oi  the  Series  to  treat  the  advances  arising 
from  radar  work  in  a  iashion  which  will  emphasize  the 
role  oi  these  advances  as  the  basis  ior  the  new  electronics. 


control,  research  in  the  biological  and  physical  sciences, 
and  radar  itseli — in  which  electronic  techniques  are  oi  great 
and  increasing  applicability  and  importance. 


The  volumes  in  the  Series  will  be  priced  and  sold  sep¬ 


arately.  they  will  be  published  in  early  1947. 


I  fit  Sorios 


1.  Radar  System  Engineering 

2.  Radar  Aids  to  Navigation 

3.  Radar  Beacons 

4.  Loras 

5.  Pulse  Generators 

6.  Microwave  Transmission  Circuits 

7.  Klystrons  and  Microwave  Triodes 
t.  Principles  of  Microwave  Circuits 

9.  Microwave  Transmission  Circuits 

10.  Waveguide  Handbook 


11.  Technique  of  Microwave  Measure* 
ments 

12.  Microwave  Antenna  Theory  and  De* 
sign 

13.  Propagation  of  Short  Radio  Waves 

14.  Microwave  Duplexers 

15.  Crystal  Rectifiers 

16.  Microwave  Mixers 

17.  Components  Handbook 

18.  Vacuum  Tube  Amplifiers 


19.  Waveforms 

20.  Electronic  Time  Measurements 

21.  Electronic  Instruments 

22.  Cathode  Ray  Tube  Displays 

23.  Microwave  Receivers 

24.  Threshold  Signals 

25.  Theory  of  Servomechanisms 

26.  Radar  Scanners  and  Radomes 

27.  Computing  Mechanisms  and  Linkoges 

28.  Index 


m  FUBTHER  WFORMRl^ 

.  .  nUce  your  ' 


III  runi"**”  — 

..a  I'-’t  .bou.  to  b. 

lumes  in  coupon,  cheek- 

,biub.d.  ,  ".Web  you 

,  yb.  volum.  o. 

re  interested.  _ 


McGraw-Hill  Book  Company,  330  West  42Rd  Street, 

New  York  18,  N.  Y. 

Send  me  descriptive  information  and  notice  of  publication  date  on  the 
books  in  the  M.l.T.  Radiation  Laboratory  Series  which  I  have  circled 
below.  I  understand  that  this  obligates  me  in  no  way  whatever. 
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Address 


City  and  State. 
Company  . 
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vice  that  does  not  run  single  phase. 
It  can  be  wound  to  operate  from  10  to 
80  volts  or  more,  with  a  practically 
constant  impedance  from  full  speed 
to  stall. 


Multiple  Connector 

The  Winchester  Co.,  6  East  46th 
St.,  New  York  17,  N.  Y.  The  type 
QRE  multiple  connector  has  spring- 
loaded  contacts  for  rapid  separation 
and  a  simple  locking  device.  Two 
sizes  are  available,  for  12  and  18  con- 


Pheto  couritf  M0tal  Sfampingt  UmlM,  Toroitto 

Have  the  3L 

. . .  from  KESTER 


terns.  It  is  small  in  size,  unobtrusive, 
and  easy  to  install. 


Tight  permanent  solder  bonds 
depend  on  the  Ilux  ...  a  chemi¬ 
cally  and  physically  correct 
flux  that  properly  cleans  the 
work  and  prevents  re-oxidotion. 

Different  solder  jobs  require 
different  fluxes,  another  impor¬ 
tant  point  to  consider. 


You  con  get  the  right  flux  for 

ft 

your  particular  soldering  ope¬ 
ration  . .  .  right  in  kind  and 
right  in  quality  . . .  from  Kester, 
for  47  years  the  recognized 
solder  authority.  Consult  Kester 
engineers  at  any  time,  without 
obligation. 


Midget  Servo 


Transicoil  Corp.,  114  Worth  St., 
New  York,  N.  Y.  The  Model  2A 
servo  motor  is  a  2-phase,  60-cps  de- 


KESTER  SOLDER  COMPANY 

4204  Wrigbtwood  Av«.,  Chicago  39,  Illinois 
Eastern  Plant:  Newark,  N.  J.  Canadian  Plant:  Irantford,  Ont. 


Eighteen  G-E  Neon  Glow  Lamps  for 
indicators  play  a  vital  role  in  the  new  Potter 
Electronic  Counter.  Used  by  slide  fastener 
makers  to  gain  exact  length  and  spac¬ 
ing  of  the  fasteners,  the  dual  predetermined 
Electronic  Counter  finds  many  diverse 
industrial  uses.  It  employs  G-E 
Neon  Glow  Lamps  (1)  to  reduce  current 
consumed,  (2)  for  extremely  long  life, 

(3)  to  add  more  sales  appeal. 


This  dual  predetermined  electronic  counter  is  a  product  of 
Potter  Instrument  Co.,  136-56  Roosevelt  Ave.,  Flushing,  N.  Y. 


Typical  new  products  improved  with  G-E 
Glow  Lamps  are  pictured  here.  They  merely 
hint  at  hundreds  of  other  unhelievably  low  cost 
applications  on  home  appliances,  wiring  devices,  and 
many  types  of  industrial  equipment.  Why  not 
consider  the  following  sales  features  of  G-E  Glow 
Lamps  on  your  new  products: 

1.  Distinctive  orange  red  glow,  needs  no  cover  glass. 

2.  Dependable  long  life— rated  at  3,000  hours. 

3.  Very  low  current  consumption. 

4.  Variety  of  sizes  and  wattages. 

5.  High  resistance  to  vibration  and  shock. 

6.  Usable  on  AC  or  DC  circuits. 

7.  Work  on  regular  105-125  volt  circuits  without  the 
use  of  step-down  transformers. 

8.  Practically  no  heat. 

FRII  NIW  FOLDII  describes  typical  uses  for  G-E  Neon 
Glow  Lamps  and  gives  lamp  data.  Write  address  below. 


C'E  LAMPS 


Nela  Specialty  Div.  Lamp  Dept.,  I  Newark  St.,  Hoboken,  N.  J. 
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.tagged  for  the  big  jobs ! 


HEXACON 

SOLDERING 

ELECTRIC 

IRONS 


Western, 

Electric 


TYPE  P.150 

This  production 
iron  provides  a 
largo  reserve  or 
heat  at  the  right  A 
temperature 
for  sustained 
production.  JBj 


Follow  the  leaders  —  and  you'll  use 
HEXACON!  For  rugged,  heavy  duty  work 
or  for  light,  intricate  work  .  .  .  for  con- 
tinuous  production  or  hard-to-get  at  Work 
.  .  .  hare's  the  answer.  One  reason  is  "6al> 
anced  Heat"— dissipating  excessive  element-im- 
F  pairing  heat  —  and  minimixing  element  burn-outs 

and  tip  replacements.  Another,  is  their  light  weight 
efficiency  and  dependability. 

LITERATURE  AVAILABLE— The  complete  HEXACON  line 
of  screw  tip  and  plug  tip  irons  from  40  to  700  watts, 
and  with  tip  diameters  ranging  from  'A"  to  1%'*,  is  fully 
illustrated  and  described.  Write  today;  no  obligation. 


HEXACON  ELECTRIC  CO. 

130  W.  CLAY  AVENUE,  ROSELLE  PARK,  N.  J. 


tacts.  Maximum  wire  size  that  can 
be  used  is  No.  16.  This  material  is 
further  described  in  bulletin  831-K 

Oiiiiiidirectioiial  Receiver 

Aircraft  Radio  Corp.,  Boonton 
N.  J.  Development  of  a  new  tunable 
vhf  receiver  for  operation  on  the 
experimental  CAA-installed  New 
York-Chicago  omnidirectional  range 


system  has  been  announced.  The 
equipment  covers  the  ranjre  108  to 
135  megacycles  and  includes  indicat¬ 
ing  units  illustrated. 

Electronic  Metronome 

G.  ScHiRMER,  Inc.,  3  Kast  43id  St.. 
New  York  17,  N.  Y.,  is  distributor 
for  the  Metronoma  electronic  metro¬ 
nome  manufactured  by  Crystal  Re¬ 
search  Laboratories,  liic.,  Hartford, 
Conn.  The  unit  operating  on  UO-  to 
120- volt,  60-cps  circuits  consi.sts  es¬ 
sentially  of  a  thyration  oscillator, 
loudspeaker,  and  neon  lamp.  A  num¬ 
bered  dial  allows  adjustment  of  the 
oscillator  frequency  to  give  40  to  208 
beats  per  minute. 

Outdoor  Microphone 

St.  Louis  Microphone  Co.,  2726-28 
Brentwood  Blvd.,  St.  Louis  17,  Mis¬ 
souri.  The  Rugged  Outdoor  Micro¬ 
phone  designed  for  severe  climatic 
conditions  and  rough  usage  has  a 
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Worthy  of  an 
Engineer's  Careful 
Consideration 


HE  Langevin  114- A  Amplifier  is  primarily  a  monitor  am- 
I)  plifier.  It  Is  used  in  offices,  audition  and  control  rooms 
of  radio  stations  and  recording  studios,  and  also  fits 
^he  needs  of  wired  music  installations  and  other  industrial  uses 
wherever  an  amplifier  for  a  single  or  dual  speaker  Installation 
is  required. 

This  amplifier  operates  on  110-120  volts  AC  or  DC.  It  can  be 
rack  mounted  or  used  in  Its  own  metal  cabinet.  Type  204-A;  it 
has  a  frequency  response  of  30  to  15,000  cycles  and  delivers 
3  watts  of  audio  power  at  less  than  2%  RSS  total  harmonic  dis¬ 
tortion  at  400  cycle  single  frequency.  At  4  watts  output  the  dis¬ 
tortion  Is  less  than  5%. 


'  Langevin  114- A  Amplifier  in  204  A  Cabinet 


ELECTRICAL  CHARACTERISTICS 


GAIN — Approximately  61  db  high  gain  and  43  db 
when  bridging  a  600  ohm  source.  OPERATES  FROM  — 
0-1000  ohms  using  nominal  600  ohm  >  input, 
0-25,000  ohms  using  nominal  25,000  ohm  input, 
with  maximum  gain  depending  upon  impedonce  of  < 

bridged  source.  OPERATES  INTO  — Nominal  load  im^ 
pedance  of  4  ohms.  Working  range  2  to  8  ohms. 
OUTPUT  POWER — Approximately  4  watts  with  less 
than  5%,  and  3  watts  with  less  than  2%,  RSS  total 
harmonic  distortion  at  400  cycles  single  frequency 
into  nominal  4  ohm  load.  OUTPUT  NOISE  42  db  below 
■f" 3 5  VU  (7  db  below  .001  watt)  or  better.. 
FREQUENCY  CHARACTERISTIC  -  Production  run  ±1.5 
db  over  the  range  of  30-15,000  cycles.  POWER 
REQUIREMENT— 110-120  volts,  25-1000  cycles  AC, 
or  110-120  volts  DC.  Amplifier  draws  70  watts 
at  120  volts.  SIZE  —  Mo  ximum  length  10%”,  depth 
61/2”,  height  6Vf''. 


The  Langevin  Co m p a n n 

INCORPORATED  # 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NfW  YORK,  37  W.  65  Sf  ,  23 
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range  of  40  to  9,000  cps  and  an  ad¬ 
justable  impedance  output. 


Flash  Tube 


Sylvania  Electric  Products  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
The  R4330  flash  tube  can  be  operated 
from  a  simple  capacitor  discharge 
circuit  to  provide  flashes  of  1/5,000 
second  duration  with  a  peak  light 
output  of  12  million  lumens.  The  tube 


is  useful  for  photography,  marine 
and  airways  obstruction  markers  or 
for  stroboscopic  devices.  The  T-11 
bulb  and  medium  ceramic  octal  base 
do  not  exceed  a  diameter  of  liS  inches 
and  the  unit  is  5i5  inches  high. 

Television  Rectifier 

Chatham  Electronics,  475  Wash¬ 
ington  St.,  Newark  2,  N.  J.  The  type 
1Z2  rectifier  tube  is  a  small-bulb, 
high-voltage,  low-current  rectifier 


designed  for  use  in  circuits  supply¬ 
ing  up  to  20,000  volts  and  2  milliam- 
peres.  Filament  voltage  is  1.5  volts 
and  filament  current  0.29  ampere. 
The  base  is*  miniature  button,  7-pin 
and  the  cap  is  a  skirted  miniature. 


Coaxial  Antenna 

Andrew  Co.,  363  East  75th  St.,  Chi- 
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WILL  YOU  BE  READY? 

CREI  Can  Prepare  You  Now  for  a  Better  Job 
and  a  Secure  Future  in  RADIO-ELECTRONICS 

CREI  home  study  training  prepares  you  for  the 
secure  radio  jobs  that  pay  good  money  for  technical 
ability. 


You  can  be  ready  to  enjoy  the  security  of  an 
important  technical  position  and  take  advantage  of 
new  career  opportunities  ...  if  you  prepare  your¬ 
self  now. 

Join  the  ambitious  radiomen  who  are  assuring 
themselves  of  secure  good-paying  jobs  with  a  planned 
program  of  advancement  made  possible  by  CREI 
home  study  training  in  Practical  Radio-Electronics 
Engineering. 

You  can  study  at  home — in  your  spare  time — 
develop  your  technical  ability — increase  your  knowl¬ 
edge  to  keep  pace  with  the  many  new,  important 
developments  now  taking  place  in  the  industry. 

CREI  home  study  courses  are  constantly  being 
revised  and  kept  up-to-date  with  these  rapid  develop¬ 
ments.  You  will  have  the  benefit  of  individual 
guidance  and  supervision  of  a  trained  instructor  on 
each  step  of  your  work.  U.  H.  F.  as  well  as  all 
other  basic  principles  of  modem,  practical  radio¬ 
electronics  engineering  are  covered  in  CREI  home 
study  courses. 

All  indications  point  to  a  continually  growing 
demand  for  highly  trained  radio  engineers  and  tech¬ 
nicians.  CREI  can  help  you  join  this  select  group. 

You  are  now  in  an  era  that  will  see  the  "survival 
of  the  fittest".  Make  sure  that  you  will  not  be  left 
behind.  Get  ready  now,  for  a  better  job  and  more 
money  in  the  new  world  of  Electronics.  CREI 
training  for  Veterans  is  available  under  the  G.  /.  Bill. 


WRITE  FOR 
FREE  36-PAGE 
BOOKLET 

"Your  Opporfaalty 
in  the  Now  World 
of  Eloefroalct" 

Tails  how  CREI 
Coursas  can  ba  adoptad 
to  your 

particular  naads. 

If  you  have  had  pro¬ 
fessional  or  amateur 
radio  experience  and 
want  to  make  more 
money,  let  us  prove  to 
you  we  have  some¬ 
thing  you  need  to 
qualify  for  a  better 
radio  job.  To  help  us 
intelligently  answer 
your  inquiry — 
PLEASE  STATE 
BRIEFLY  YOUR 
BACKGROUND  OF 
EXPERIENCE,  EDU¬ 
CATION  AND  PRES¬ 
ENT  POSITION 


Capitol  Radio  Engineering  Institute 

E.  H.  RIETZKE,  President 

Dept.  E-8,  16th  and  Park  Road,  N.W.,  Washington  10.  D.  C. 

tronch  OAeas: 

Naw  York  (7):  170  Broadway  Chicago  (2):  30  N.  LaSalla  Straat 

San  DIago  (I):  31ft  C  Straat  San  Francisco  (21:  7ft0  Markat  Straat 

Maeibar:  NATIONAL  HOME  STUDY  COUNCIL  •  NATIONAL  COUNCIL  OF  TECHNICAL  SCHOOLS 
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World's  Largest  Decalcomania  Manufacturers 


from  standard  Kwik-Ways  to  highly 
specialized  types  resistant  to  acid,  abra¬ 
sion,  temperature  extremes,  moisture..; 
for  application  pn  any  shape  or  kind 
of  commercial  surface.  No  rivets,  bolts 
or  screws  required.  They  can  be  pro¬ 
duced  in  any  size,  design  or  number 
of  colors.  Write  today  for  the  new 
Meyercord  Decal  Selector  to  help  you 
specify  the  right  Decal.  Please  address 
your  inquiries  to  Department  9-8 


THIS  PRACTICAL  ^^SLIDE-RULE^^ 
WILL  HELP  YOU  SELECT  THE  RIGHT 


Don’t  take  a  chance  on  just  “any  Decal” 
to  do  your  product  identification  job. 
Conditions,  type  and  use  of  surface 
should  determine  the  kind  of  Decal  and 
adhesion  method.  Meyercord  techni¬ 
cians  have  prepared  this  Decal  Selector 
to  assist  in  the  selection  of  the  right 
Decal ...  for  use  as  trademarks,  instruc¬ 
tions,  patent  data,  etc.... particularly 
on  difficult  surfaces.  There’s  a 
Meyercord  Decal  for  every  surface. 


MEYERCORD  DECAL  NAMEPLATES 


Decal 


^03CS^^- 


kU  rAommeraol  sorf-ce 


every 
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SLIP-RING  AND  COMMUTaYOR  BRUSHES  AND  CONTACTS 


cago  19,  Ill.  The  type  704  coaxial 
antenna  is  furnished  complete  with 
two  mounting  straps  and  15  feet  of 
solid  dielectric  coaxial  cable.  It  can 
be  furnished  for  frequencies  in  the 
range  108  to  186  megacycles.  Price 
is  $16.00  fob  Chicago. 


829  Socket 

E.  F.  Johnson  Co.,  Waseca,  Minn. 
The  new  type  122-101  ceramic  socket 
is  designed  for  type  826,  829  and  832 


Is  your  order  in  for 
the  Merit  Replacement 
Line  of  Transformers 


tubes.  The  aluminum  base  shield  al¬ 
lows  the  mounting  of  button  mica  by¬ 
pass  capacitors  for  high  frequency 
operation.  The  grid  terminals  have 
been  arranged  for  attachment  of  grid 
coils.  Retainer  springs  hold  the  tube 
securely. 


Sealnut 

Radio  Frequency  Laboratories, 
Inc.,  Boonton,  N.  J.  A  new  mount¬ 
ing  and  sealing  nut  that  prevents 
dirt  and  moisture  from  entering 


An  Invitation  to  All  Electrical  Designers  to 


TRY  SILVER  GRAPHALLOY 


FOR  BRUSHES  FOR  CONTACTS 

High  current  density,  low  contact  drop,  low  Low  contact  resistance  and  non-welding 
electrical  noise,  and  self-lubrication  are  when  breaking  surge  currents  are  inherent 
characteristics  of  this  silver-impregnated  properties  of  this  unique  combination  of 
moPded  graphite  that  may  be  the  answer  conductive  silver  and  self-lubricating 
to  your  electrical  brush  problems  grophite 

SAAtPLES  of  Silver  Graphalloy  will  be  gladly  furnished  for  test  on  your  applications 
Silver  Graphalloy  is  usually  silver  plated  to  permit  easy  soldering  to  leaf 
springs  or  holders.  Why  not  WRITE  NOW  for  your  test  samples?  ^  ^ 


equipment  through  control  apertipo 
is  now  available.  It  can  be  reauiiy 
substituted  for  standard  mounlnig 
nuts  now  in  service. 


1055  NEPPERHAN  AVE  •  YONKERS.  NEW  YORK 


Vhf  Traiisiiiitter 

Bendix  Radio,  Baltimore  4,  Md. 
The  PAT-50  transmitlcr  operates  on 


ELECTRONICS 


TIME  AND  COSTS 


aKn'-  kle  ***«♦♦  7  40 


WHERE  equipment  includes 
power  transmission  or  re¬ 
mote  control,  S.S.  White  flexible 
shafts  serve  to  cut  assembly  time 
and  costs  three  ways — 

1.  They  reduce  the  number  of  parts  to  as¬ 
semble  because — just  one  easily  connected  shaft 
is  all  you  need  to  direct-connect  any  two  points 
regardless  of  curves,  obstacles,  or  distance. 

2.  They  eliminate  the  need  for  accurate 
alignment  of  parts — and  with  it  the  expensive 
close-tolerance  workmanship  needed  to  get 
accurate  alignment. 

3.  They  make  it  possible  to  place  both  driving 
and  driven  or  controlled  parts  anywhere  you 
want  them  to  facilitate  assembly. 
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For  essential  facts  and  technical 


4he  ne*** 
(  ele-"*"* 


data  about  S.S.White  flexible  shafts 
and  their  application —  T 

WRITE  FOR  BULLETIN  4501  k 


SSWHITt 


THE  $.  S.  WHITE  DENTAL  MFC.  CO. 


INDUSTRIAL 


DIVISION 


DIPT.  E.  10  EAJT  40th  $T.,  NEW  TOUIt  I  A.  N.  Y._ 

HIXItll  SNAm  •  rtiXIDli  SNAH  TOOIS  •  AIRCIAFf  ACCCSSOtlES 
SMAU  CUTTINO  AND  OtlNDINO  TOOiS  •  SMCIAl  fORMUlA  RUttIRS 
MOiOfO  RtSISTOtS  •  PtASIK  SfKIAimS  •  CONTRACT  flASTICS  MOiOINO 


90902 


90900  Series 
Cathode  Ray  Oscilloscopes 

Th*  No.  90902  and  No.  90903  Rack  Panol 
(3V^")  Oacllloscopat,  for  two  and  Hiroo  inch 
twbos,  rocpoctivoly,  oro  inaxponsivo  boiic 
imrtt  comprising  powor  supply,  brilliancy  and 
cantaring  conti^s,  scrfoty  footuras,  mognotic 
shMding,  swHchos,  otc.  As  a  transmittor  monU 
tor,  no  oMItional  oguipmont  or  occossorios  oro 
roqwirad.  Tho  woll'^nown  traposoidol  moni¬ 
toring  pfrttoms  oro  socwrod  by  fooding  modw- 
lotod  corrior  voHoga  from  a  pick  up  loop 
diroctly  to  vortical  platos  of  tho  cothodo  ray  tulw 
and  audio  modulating  voHaga  to  horisontal 
platos.  Ry  tho  addition  of  such  units  as  swoops, 
pulso  gonorotors,  ampliflors,  sorvo  swoops, 
otc.,  all  of  which  con  bo  convonionliy  and 
HO^y  consiructod  on  companion  rock  panels, 
tho  original  basic  ’scopo  unit  may  bo  oxpandod 
to  sorvo  any  concolvablo  applic^on. 


JAMES  MILLEN 
MFC.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

PI  MALDEN 

'MASSACHUSETTS 


131.9  and  131.7  megacycles  to  pro¬ 
vide  communication  from  private 
planes  to  airway  control  stations. 
The  unit  is  designed  to  operate  in 
conjunction  with  other  equipment  in 
the  Flightweight  line,  so  that  its 
voltage  requirements  differ  with  dif¬ 
ferent  combinations.  Additional 
channels  are  available  by  plugging 
in  extra  crystals.  Power  output  to  a 
22-inch  vertical  rod  antenna  is  about 
one  watt,  sufficient  for  operation  at 
75  miles  with  reasonable  altitude. 


Literature. 


Catalog.  Centralab,  Div.  of  Globe- 
Union  Inc.,  900  E.  Keefe  Ave.,  Mil¬ 
waukee  1,  Wis.  Catalog  25  contains 
20  pages  and  brings  the  Centralab 
line  up  to  date.  Included  is  infor¬ 
mation  on  switches,  resistors,  ca¬ 
pacitors  and  special  items. 


Radar  Booklet.  Radiomarine  Corp. 
of  America,  75  Varick  St,  New  York 
13,  N.  Y.  A  12-page  booklet  de¬ 
scribes  Model  CR-101  shipboard 
radar  equipment  for  installation  on 
cargo  or  passenger  vessels  as  an  aid 
to  navigation. 


Relays  and  Timers.  Potter  &  Brum¬ 
field  Sales  Co.,  Dept.  214,  549  W. 
Washington  Blvd.,  Chicago  6,  Ill.  A 
new  catalog  gives  sales  information 
on  this  company's  line  of  standard 
relay  and  electrical  timing  devices. 
The  24  pages  are  well  illustrated. 
All  relays  are  rated  on  the  current- 
carrying  capacity  of  the  contact 
possible  without  damage  to  any  por¬ 
tion  of  the  relay  assembly. 


Loran  Folder.  Radiomarine  Corp. 
of  America,  75  Varick  St.,  New  York 
13,  N.  Y.  An  accurate  fix  within 
three  minutes  without  aid  from  any 
other  navigational  system  is  a  fea¬ 
ture  of  the  loran  long  range  aid  to 
navigation  operating  over  the  At¬ 
lantic  and  Pacific  oceans.  Compact 
ship  receiver-indicators  based  upon 
equipment  designed  for  airplane 
service  are  described  in  a  4-page 
folder. 


Color  Codes.  Solar  Manufacturing 
Co.,  285  Madison  Ave.,  New  York  17, 
N.  Y.  In  the  May-June  issue  of  “The 
Solar  System”  are  listed  the  1946 
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Clarostat  Series  MT  tube-type  resistors 
remain  the  ideal  voltage-dropping 
means  in  AC-DC  receivers  and  other  com¬ 
pact  electronic  assemblies.  Handy.  Com¬ 
pact.  Inexpensive.  Identical  in  size,  shape, 
appearance  and  mounting  to  the  25Z6  and 
25A6  metal  radio  tubes.  Also  readily  serv- 
iced  out  in  the  field  with  Clarostat  replace¬ 
ments. 


This  type  provides  connections  to  "hot"  leads 
under  the  chassis,  yet  dissipates  the  heat 
above  it. 


Exceedingly  high  leakage  resistance  —  well 
over  1000  megohms  under  adverse  conditions 
— ^between  resistance  element  and  chassis,  per¬ 
mits  use  in  the  most  sensitive  circuits  without 
introduction  of  AC  hum. 


Terminal  connections  and  leakage  resistance 
meet  Underwriters  requirements. 


Available  in  a  wide  range  of  pUot  lump  com¬ 
binations. 


Resistemee  element  comprises  coUed  resistance 
winding  supported  on  notched  mica  form.  No 
sagging.  No  shorts. 


it  y^rife  for  DATA 


Clarostat  Engineering  Bulletin  107  contains  all 
'  ter^icol  details.  Write  for  your  copy. 


necessary  _  . 

And  submit  that  resistance  or  control  problem! 


L  © 

CUmSTH  MFC.  CO..  Ik.  ■  28S'7  N.Ott  St.,  Btooklyn,  N.t. 
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speaking  of  stabilization 
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You  get  THIS 
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ONLY 
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When  using  SORENSEN  ELECTRONIC  REGULATORS 


SORENSEN  REGULATORS  are  based  on  a  unique  prin¬ 
ciple  that  results  in  extremely  accurate  voltage  regulation 
—independently  of  variations  in  INPUT  VOLTAGE,  LINE 
FREQUENCY,  LOAD  S  POWER  FACTOR,  within  wide 
limits. 

Regulation  is  accomplished  electronically  without  mov¬ 
ing  parts  of  any  kind.  This  means  QUICK  RESPONSE, 
LOW  MAINTENANC^E  and  LONG  LIFE. 

Whatever  the  peculiarities  of  your  regulation  problem, 
investigate  the  SORENSEN  REGULATOR. 

Here  ore  a  few  of  the  characteristics  available  in  the 
various  models:  — 

•  Regulation  Accuracy . 0.2% 

•  Load  Ranges . 25  V.  A.  to  10  K.V. A. 

•  Harmonic  Distortion . 5%  max.* 

*  Less  than  2%  —Special  Models. 

•  Response  Time . 6  cycles  max. 

•  Adjustcd^le  output  voltage. 


THE  MODEL  500 


Load  range . 50  V.  A.  to  500  V.  A. 

Regulation  accuracy . ±0.5% 

Price  . $98.00 


F.03.  Stamford,  Conn. 


Write  lor  descriptive  bulletin 


SORENSEN  &  GO..  INC 


375  FAIRFIELD  AVE.,  STAMFORD,  CONN. 
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HE  General 
Industries 


DRAKE  MANUFACTURING  CO 


W  HUB8ARn  ST-.  CHICAGO  ,22.  ILL 


RMA  and  the  JAN  codes  for  molded 
mica  capacitors.  Other  timely  arti¬ 
cles  are  included. 


T^oudspeakers.  University  Loud¬ 
speakers,  Inc.,  225  Varick  St.,  New 
York  14,  N.  Y.  The  latest  catalog 
of  outdoor  type  loudspeakers  and 
projectors,  some  of  which  are  explo- 
sion-prcof,  others  capable  of  oper¬ 
ating  under  water,  is  now  available. 

Transformers.  Merit  Coil  and 
Transformer  Corp.,  4427  North 
Clark  St.,  Chicago  40,  Ill.  A  4-page 
folder  describing  a  complete  line  of 
power  and  output  transformers  and 
chokes  has  just  been  printed. 

Parts  and  Equipment.  James  Millen 
Mfg.  Co.,  Inc.,  150  Exchange  St., 
Malden,  Mass.  Three  new  catalogs 
are  now  available  from  the  company 
describing  component  parts  and 
complete  assemblies  of  laboratory 
equipment.  A  condensed  general 
catalog  gives  notice  of  a  forthcom¬ 
ing  catalog  of  transmitting  and  re¬ 
ceiving  equipment. 

Apprenticeship  Program.  Appren¬ 
ticeship-Training  Service,  U.  S.  De¬ 
partment  of  Labor,  Washington  25, 
D.  C.  A  30-page  booklet  describes 
the  procedures  of  setting  up  a  pro¬ 
gram  under  the  GI  Bill.  The  steps 
necessary  for  an  employer  to  obtain 
approval  are  fully  outlined. 

Seamless  Tubing.  Precision  Tube 
Co.,  3824  Terrace  St.,  Philadelphia 
28,  Pa.  An  8-page  catalog  has  been 
prepared  describing  seamless  metal 
tubing  with  particular  emphasis 
laid  on  new  methods  of  forming 
coaxial  cables.  Small  capacitors 
and  unity-coupled  coils  can  be  fur¬ 
nished  by  this  method  of  construc¬ 
tion. 


DRAKE  patents  plus  modern 
high  speed  methods  and  machin¬ 
ery  go  a  long  way  toward  achiev¬ 
ing  the  traditional  excellence  and 
economy  of  our  products.  It 
should  pay  you  in  better  perform¬ 
ance  and  lower  costs  to  specify 
DRAKE  for  all  of  the  Socket  and 
Jewel  Light  Assemblies  you  need. 
Ask  for  prices  and  the  newest 
Drake  Catalog. 


•  Build  your  line  of  new  phono¬ 
graphs  and  record-changers 
around  Smooth  Power  motors 
and  you’ll  get  that  quietness, 
uniform  speed  and  smooth-as- 
velvet  operation  that  your  cus¬ 
tomers  will  approve. 

That’s  because  these  quali¬ 
ties  are  engineered  and  built 
into  every  motor  and  assembly 
in  the  wide  GI  line.  It’s  the 
result  of  many  years  of  success¬ 
ful  experience  in  the  production 
of  phono  motors. 

You’ll  win  your  markets 
faster  and  gain  more  applause 
from  customers  when  you 
standardize  on  Smooth 
Power  motors. 


Subminiature  Tubes.  Raytheon  Man¬ 
ufacturing  Co.,  Inc.,  60  East  42nd 
St.,  New  York  17,  N.  Y.  Tentative 
data  on  the  CK515BX  hearing  aid 
triode  as  well  as  other  subminiature 
tubes  are  available  from  the  manu¬ 
facturer. 


Midget  Rectifier.  Federal  Telephone 
and  Radio  Corp.,  Newark  1,  N.  J. 
Two  bulletins  describe  the  new 
midget  selenium  rectifier  and  ways 
of  using  it  in  console  radios,  port¬ 
ables  and  intercommunicators. 


Dry  Rectifiers.  Federal  Telephone 
and  Radio  Corp.,  Newark  1,  N.  J.  A 
6-page  booklet  describes  the  com- 
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SIMPLER  -  SMALLER  -  STRONGER 
NEW  G-E  SELENIUM  RECTIFIER 
REPUCES  TUBE  IN  PORTABLE  RADIOS 


This  new  selenium  rectifier,  less  than  one  inch  long 
and  only  one  inch  in  diameter,  offers  builders  of  port* 
able  and  car  radios  a  new  way  to  cut  manufacturing 
costs  and  to  build  a  better  product. 

You  gain  six  ways  when  you  incorporate  it  in  your 
designs: 

Sores  Space  —  Can  be  mounted  in  pjkiees  where  a  rectifier 
tube  and  socket  won't  fit.  Radio  cabinets  can  be  made 
smaller  when  this  new  selenium  rectifier  is  used. 

Cuts  Inttallation  Cost  *-  No  socket  or  filament  circuit  is 
necessary.  Only  two  soldering  operations  and  a  minimum 
of  mounting  hardware  are  requii^. 

Ample  Current  Capacity  —  Designed  to  withstand  safely  the 
inverse  peak  voltages  obtained  when  rectifying  (half-wave) 
110*125  volts,  rms,  and  feeding  into  a  capacitor  as  required 
in  various  radio  circuits.  Half*wave  rectification  of  the  a*c 
line  is  employed. 

Withstands  Rough  l/soge  —  Withstands  rougher  handling 
than  the  fragile  tubes  which  it  replaces.  It  won't  break  when 
dropped. 


GENERAL 


Gives  Instant  Starting  —  Eliminates  usual  warm*np  period 
before  radio  starts.  It  runs  cool,  too,  because  of  the  absence 
of  the  heat*producing  filament  fn  the  tube  which  it  supplants. 

Longer  Life  —  Continuous  tests  have  proved  that  this  new 
selenium  rectifier  will  optlast  several  117-volt  rectifier  tubes 
—last  the  life  of  the  product  for  which  it  is  designed. 

For  information  tbat  will  belp  you  make  efficient  use 
of  G*E  selenium  rectifiers  in  your  designs,  write  for 
our  booklet  Tuo  Steps  Ahead.  Section  A23*8119,  Appli* 
ance  and  Merchandise  Department,  General  Electric 
Company,  Bridgeport  2,  Connecticut. 

6.E.  SELENIUM  RECTIFIER 
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Send  for 


ALLIED 

CATALOG 


plete  line  of  selenium  rectifiers  for 
all  industrial  and  communications 
uses. 

Relays.  Leach  Relay  Co.,  5915  Ava¬ 
lon  Blvd.,  Los  Angeles  3,  Calif. 
Catalog  No.  46  describes  the  com¬ 
plete  line  of  this  company’s  product 
in  detail,  occuping  49  pages  that  are 
well  illustrated. 

Maintenance  Handbook.  Westing- 
house  Electric  Corp.,  P.  O.  Box  868, 
Pittsburgh  30,  Pa.  Basic  mainte¬ 
nance  operations  for  electrical 
equipment  are  described  in  a  small 
(6|  X  3i  inches)  handbook  of  30 
pages.  Copies  may  be  had  for  the 
asking. 

Interchangeable  Relay  Coils.  Guard¬ 
ian  Electric  Mfg.  Co.,  1625  West 
Walnut  St.,  Chicago  12,  Ill.  A  4- 
page  bulletin  describes  the  Series- 
200  relays  with  interchangeable  coil 
and  contact  assemblies  for  use  on 
various  voltages,  a-c  or  d-c. 

Power  Measurement  Lamps.  Syl- 
vania  Electric  Products,  Inc.,  Em¬ 
porium,  Pa.  Four  loose-leaf  sheets 
have  been  published  outlining  the 
ratings  and  characteristics  of  lamps 
used  for  measuring  high  frequency 
power  output.  Three  graphs  are  in¬ 
cluded. 

Vhf  Principles.  Aerovox  Corp.,  New 
Bedford,  Mass.  A  series  of  articles 
is  running  in  the  bulletin  “Aerovox 
Research”  starting  with  the  March 
1946  issue  and  running  through  De¬ 
cember.  The  purpose  of  the  articles 
is  to  bring  readers  up  to  date  on  lat¬ 
est  developments  and  practice  in 
the  field  of  microwave  equipment. 

Sound  Equipment.  Stromberg-Carl- 
son  Mfg.  Co.,  100  Carlson  Road, 
Rochester,  N.  Y.  A  4-page  brochure 
describes  complete  rack-mounted  or 
portable  sound  equipment  together 
with  horns  and  microphones. 

Precision  Resistors.  Resistance 
Products  Co.,  140  South  Second 
Street,  Harrisburg,  Pa.  A  revised 
catalog  sheet  has  been  printed  giv¬ 
ing  engineering  data  and  dimen¬ 
sions  of  precision  wire-wound  re¬ 
sistors. 

Radar  Booklet.  Sperry  Gyroscope 
Co.,  Inc.,  Great  Neck,  N.  Y.  The 
new  marine  radar  system  for  pri¬ 
vate  vessels  or  commercial  shipping 
is  illustrated  in  a  6-page  booklet  re¬ 
cently  released  by  the  company. 

Induction  Heater.  Induction  Heat- 


iquipment  for  Research 
Development  •  Maintenance 


Largest  Stocks  *  Complete  Service 
From  one  Central  Supply  Service 

Leading  industrial  and  engineering  firms  depend 
on  the  ALLIED  Catalog  as  their  Buying, Guide 
for  everything  in  radio,  electronics  and  sound. 
Lists  more  than  10,000  quality  items  .  .  .  radio 
and  electronic  parts,  vacuum  tubes,  tools,  test 
instruments,  audio  amplifiers,  accessories  .  .  . 
complete  lines  stocked  by  a  single  reliable  source. 
Try  ALLIED’S  expert,  specialized  industrial 
service.  Send  for  FREE  Catalog  now! 


Sound  Equipment 

See  ALLIED’S  wide  selection 
of  Intercom,  Paging  and  Pub* 
lie  Address  systems.  Models 
for  every  industrial  purpose. 


ALLIED  RADIO  CORP. 

833  W.  Jackson  Blvd.,  Dept.  24-H-6,  Chicago  7,  Illinois 


VACUUM  CONDENSERS 


DIMENSIONS 
Ovarall  langth,  S'A  inches 
Glass  langth,  2'A  inches 
Diameter,  Vh  inches 
Standard  Tolerances 


r  DESIGNERS  OF  COMMUNI¬ 

CATION.  INDUCTION  HEAT¬ 
ING.  DIATHERMY.  AIRCRAFT  AND 
AMATEUR  EQUIPMENT:  this  vacuum 
condenser  was  designed  to  give  you  the 
high  electrical  ratings  you  require  with 
the  lowest  loss  at  ultra-high  or  low  fre¬ 
quencies;  in  the  most  compact  unit  at  the 
LOWEST  PRICE. 

High  conductivity  leads.  inch  in  dia¬ 
meter.  may  be  conveniently  used  in  mounting 
in  your  equipment. 

The  same  high  conductivity,  treated  metals 
are  used  which  have  made  our  other  lines  of 
vacuum  condensers  outstanding. 

We  shall  be  pleased  to  furnish  you  with 
additional  information. 


PRICES! 


SERIES  20G2  •  20  AMPERES 


Capacitanca, 

microfarads 


Voltage 


GILANDUN  ELECTRONICS 

MION  AVENUE  CAMPBELL,  CALIFORNIA 
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ing  Corp.,  381)  Lafayette  St.,  Kcw 
York  3,  N.  Y.  Thermionic  generators 
iKsed  in  industrial  heating  applica¬ 
tions  are  pictured  in  a  recent  6-page 
booklet.  Work  tables  designed  for 
particular  assembly  problems  are 
ii'.cluded  in  the  li.st  of  products. 


Metal  Fabrication.  Bernard  Rice’s 
Sons,  Inc.,  325  Fifth  Ave.,  New  York 
16,  N.  Y.  Metal  fabrication  for  the 
electronic  industry  is  described  in 
a  two-color  booklet  showing  micro- 
wave  fittings,  wave  guides  and  un¬ 
usual  formed  metal  components. 


C<mcentrated-arc  Lamp.  The  West¬ 
ern  Union  Telegraph  Co.,  60  Hudson 
St ,  New  York  13,  N.  Y.  Special  arc 
lamps  with  a  light-emitting  source 
less  than  a  tenth  of  an  inch  in  di¬ 
ameter  give  brightnesses  up  to  65,- 
000  candles  per  square  inch.  Types, 
specifications  and  prices  are  given 
in  a  leaflet  now  available. 


witU 

STANDARDIZED  ItaUc  mo44^Hiuuf4, 

to  fit  the  customer's 

SPECIALIZED  A^e<^ul^ie4ne4iii 


Microphones.  Universal  Microphone 
Co.,  Inglewood,  Calif.  Catalog  1483 
presents  the  company’s  complete 
line  of  microphones  and  recording 
components  in  an  8-page  brochure. 


To  achieve  economy  and  speed  of  pro¬ 
duction  in  meeting  customers’  transformer 
requirements,  Chicago  Transformer  manu¬ 
factures  and  stocks  a  wide  range  of  sizes 
in  vertical  shields  and  drawn  steel  cases, 
which  are  standardized  in  construction 
and  appearance,  yet  are  readily  adapt¬ 
able  to  a  variety  of  special  applications. 
For  details  on  how  transformers  using 
these  mounting  parts  will  benefit  your 
new  product  plans,  consult  Chicago 
Transformer’s  sales  and  engineering  staffs. 


Tube  Insulators.  M.  Kirchberger 
&  Co.,  Inc.,  1425  37th  St,  Brooklyn, 
N.  Y.  Lava  insulation  for  electronic 
tubes  is  described  in  a  pamphlet  re¬ 
cently  written.  Technical  data  are 
neatly  summed  up  in  a  table  on  the 
last  page. 


(Quarterly  House  Organ.  The  Brown 
Instrument  Co.,  Wayne  and  Rob¬ 
erts  Ave.,  Philadelphia  44,  Pa.  The 
(luarterly  “Instrumentation”  runs 
to  30-odd  pages  and  includes  a  num¬ 
ber  of  interesting  articles  on  instru¬ 
ment  technology. 


R-f  and  I-f  Components.  Pioneer 
Electric  and  Research  Corp.,  Forest 
Park,  Ill.  A  four-page,  well-illus¬ 
trated  leaflet  describes  a  line  of 
small  transformers  suitable  for  use 
at  radio  frequencies.  Small  chokes 
and  trimmer  capacitors  are  also 
listed. 


Metal  Locator.  Fisher  Research 
Laboratory,  Palo  Alto,  Calif.  The 
M-Scope  is  described  in  a  booklet 
and  in  the  “M-Scope  News”.  The 
equipment  uses  electronic  means  of 
detecting  ore,  pipes  or  cables.  Other 
equipment  is  used  in  detecting  and 
tracing  the  location  of  leaks  in 
water  mains. 
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Airborne  magnetometers;  complete  technical 
program  of  National  Electronics  Conference, 
Chicago,  Oct.  3-5;  radio  production  figures 


V-2  Rockets  Explore  Ionosphere  E  Layer 

Miniature  scientific  laboratories 
of  various  types  are  being  carried 


regularly  a  hundred  miles  up  into  the 
ionosphere  on  board  V-2  rockets  fired 
at  White  Sands  Proving  Ground,  Las 
Cruces,  New  Mexico.  For  one  of  the 
tests,  on  June  27,  Naval  Research 
Laboratory  scientists  prepared  the 
instruments  that  were  fitted  into  the 
rocket’s  warhead  to  increase  man’s 
knowledge  of  the  E  layer  of  the  iono¬ 
sphere.  Scientists  stationed  at  many 
observation  posts  operated  a  massive 
array  of  equipment  to  track  the 
rocket  in  its  six-minute  flight  and 
record  the  data  sent  down  to  earth 
over  an  elaborate  22-channel  radio 
telemetering  system  employing  pulse¬ 
time  modulation. 

The  NRL  experiments  involve 
transmission  of  three  different  fre¬ 
quencies  from  the  rocket  to  ground, 
harmonically  related  in  such  a  man¬ 
ner  that  if  all  three  suffer  no  delay 
or  the  same  delay  in  the  ionosphere, 
the  harmonic  relation  will  be  undis¬ 
turbed.  However,  if  there  is  a 
change  in  the  harmonic  relationship, 
it  can  be  detected  and  recorded  on 


TeUmetering  transmitter  of  rocket  showing 
premodulator  stages  and  self-contained 
battery  power  supply.  Plug-in  construction 
is  employed  for  entire  section 


the  ground  as  a  phase  beat  that  can 
be  interpreted  in  terms  of  various 
characteristics  of  the  ionosphere. 
Reception  of  the  signals  at  various 
remote  points  will  give  additional  in¬ 
formation  on  long-path  propagation 
of  radio  waves  through  the  iono¬ 
sphere. 

During  later  tests  the  University 
of  Michigan  and  Princeton  Univer¬ 
sity  are  making  ionosphere  studies 


BUCON  ANTEMIUS 


NRL  scientists  making  final  adjustments  of 
miniature  laboratory  assembled  in  war¬ 
head  of  V-2  rocket  for  ionosphere  research 
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with  the  rockets,  employing  a  pulse 
system  and  a  continuous-wave  Dop¬ 
pler  system  respectively. 

From  a  vantage  point  100  miles 
above  the  earth  it  is  possible  to  ex¬ 
tend  appreciably  the  experimentally 
obtained  spectrum  of  the  sun,  be¬ 
cause  the  filtering  action  of  the 
earth’s  atmosphere  is  greatly  reduced 
at  that  height.  This  will  permit  more 
accurate  determination  of  the  black- 
body  temperature  of  the  sun  and  give 
additional  information  on  its  compo¬ 
sition  and  on  temperatures  in  the 
vicinity  of  the  sun. 

A  special  grating  spectrograph  has 
been  designed  by  NRL  for  the  V-2 
rocket.  Spectrum  pictures  are  taken 
throughout  the  flight  at  about  three- 
second  intervals,  through  special 
lithium-fluoride  windows  inserted  in 
the  nose.  After  exposure  the  film  is 
automatically  wound  into  a  chamber 
having  3-inch  thick  steel  walls  de¬ 
signed  to  resist  the  impact  velocity 
of  the  rocket,  which  may  be  almost 
3,000  mph. 

1 

j 

]\  Airborne  Magnetometers 

i  Successful  use  of  airborne  sub- 
.  marine  detector  equipment  for  ex- 
i  ploring  inaccessible  territory  in 
:  search  of  hidden  mineral  deposits 
J  was  announced  by  the  Navy  Depart- 
;  ment  recently.  Shoran  (short-range 
;  navigation),  special  mapping  cam- 
i  eras,  and  other  new  devices  have  been 
-  modified  and  combined  with  a  new 
:  airborne  magnetometer  developed  by 
:  Bell  Telephone  Laboratories  in  co- 

■  operation  with  the  Naval  Ordnance 

■  Laboratory.  Other  magnetometers 
of  this  general  type  were  developed 
by  Gulf  Research  and  Development 

•  Co.  working  independently  and  later 


Ma^netomstor  in  boiii]>>lik0  casing  lus* 
Ponded  from  Nary  torpedo  bomber  to  free 
it  from  magnetic  influence*  of  the  plane 
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I  HOW  TO  CUT 

I  INSPECTION  COSTS 

I  and  improve 


STANDAROS  OF 
PERFORMANCE 


ROTOBRIDGE,  automatic  high  speed  mass  production  tester, 
reduces  inspection  time,  releases  skilled  labor  for  other  work. 

SPEED— ACCURACY:  ROTOBRIDGE  makes  bridge-type 
measurements,  comparing  completed  units  against  your  engi¬ 
neering  standard,  right  on  the  assembly  line,  at  the  rate  of  a 
circuit  a  second. 

Rotobridge  automatically  checks  wiring  errors,  resistance  and 
reactance  values  on  all  types  of  communication,  electrical  and 
electronic  equipment.  It  can  be  operated  by  unskilled  labor 
and  since  the  human  element  is  almost  entirely  eliminated, 
specified  tolerances  are  absolutely  maintained. 

VERSATILITY :  The  ROTOBRIDGE  is  adaptable  either  to 
se\eral  small-sub  assemblies,  or  a  complete  set  comprising  as 
many  as  120  circuits.  Two  or  three  Rotobridge  units  working 
simultaneously,  will  inspect  a  30  or  40  tube  set-up  ...  in 
five  minutes. 


Write  for  Bulletins 


-COMMUNICATION 

MEASUREMENTS 

LABORATORY 


120  Greenwich  Sf..  New  York  6.  N.Y. 


Sales  i 
Offices  \ 


Chicago:  612  N.  Michlgen  Avenue 
Washingfon:  924  19th  Street,  N.  W. 
Philadelphia:  Ridge  &  Crawford 
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1  Models 

Reege 

from  1 

1  3000  to  15000  Watts,  | 

A.  C. 

120  te 

440 

Volts. 

50  end 

60 

Cycles , 

Single 

or 

Three 

Phase. 

DOUBLE-CHECK  SYSTEM 

^JE'IO —  Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy  —  Pins  of 
stainless  steel. 


#JE-I2  —  (Hardened 
tool  steel  insert)  or 
JE- 13  (Stainless  st  e  e  I 
Insert)  Miniature  tube 
pin  straightenerto 
obtain  a  perfect  fit 
when  the  tube  is  placed 
In  the  set. 


For  eompfefe  Mormafion 
and  prices— write 
RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  GO. 

147  Cedar  St..  New  York  6.  N.  Y. 


Automatic  Bowling  Pinboy 


Thousands  of  precision  made  parts 
are  n^essary  for  the  dependable 
operation  of  this  amazing  device. 

This  remarkable  robot  w  ill  set  the 
pins  faster  and  more  accurately  than 
the  human  hand,  thereby  providing 
greater  enjoyment  for  millions  of 
bowling  enthusiasts. 

The  economical,  mass  production 


of  precision  parts  make  such  con¬ 
veniences  possible. 

Ericsson  specializes  in  such  pre¬ 
cision  parts. ..has  for  .‘l.'i  years. 


*The  above  machine  ia 
ahown  for  ita  interest  value. 
It  is  not  manufactured  by 
Ericsson. 


aSTABUSMBD  tail 


SSSALKi  PARTS 


Filaments,  anodes,  supports, 
springs,  etc.  for  electronic  tubes. 
Small  wire  and  flat  metal  formed 
parts  to  your  prints  for  your  as¬ 
semblies.  LUXON  fishing  tackle 
accessories,  double  pointed  pins, 
fine  size  wire  straightened. 
Inquiries  will  receive  prompt 
attention. 

ART  WraE  AND 
STAMPING  GO. 

227  High  St.  Newark  2,  N.  J. 


ERICSSON 

SCREW  MACHINE  PRODUCTS  CO..  INC 


for  your 


Pioneer  Electric  Co. 


^yiTALAI 


DS 


dealers  Someprofitoblefron- 
aA#  jk  A.  «  »  a  chises  still  available. 

WANTCD! 


ranging  from  3  K.  W.  to  15  K.  W., 
these  portable  electric  power  plants 
ore  manufactured  to  give  dependable 
service  under  the  most  rugged  con¬ 
ditions.  Write  today  for  specifications. 
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under  NDRC  contract,  and  by  Colum¬ 
bia  University’s  Division  of  War  Re¬ 
search  also  under  contract  with 
NDRC. 

During  the  war  the  equipment  was 
used  for  detecting  and  tracking  deep¬ 
ly  submerged  submarines  from  the 
air,  with  the  electronically-operated 
magnetometer  mounted  in  a  stream¬ 
lined  casing  suspended  from  a  low- 
flying  plane  or  blimp.  The  first  model 
was  placed  in  use  the  month  of  Pearl 
Harbor,  1941,  and  an  appreciable 
number  of  enemy  undersea  craft 
were  sunk  as  a  result  of  this  detec¬ 
tion  by  planes  carrying  the  mag¬ 
netometers.  The  Germans  never  did 
learn  of  this  method  of  submarine 
detection  during  the  war,  and  only 
now  have  secrecy  restrictions  been 
lifted  enough  to  reveal  general  char¬ 
acteristics  of  the  equipment. 

Aerial  prospecting  of  uncharted 
oil  resources  of  the  world  is  an  out¬ 
growth  of  this  first  airborne  mag¬ 
netometer.  Previous  instruments 
used  by  oil  geologists  had  to  be 
mounted  on  a  solid  platform  and 
carefully  leveled.  The  chief  value  of 
the  new  prospecting  system  is  in 
making  preliminary  or  reconnais¬ 
sance  surveys  to  outline  promising 
areas  for  intensive  investigation  by 
ground  parties.  More  than  40,000 
square  miles  of  this  country  and 
Alaska  have  already  been  surveyed 
with  the  apparatus,  along  with  vast 
offshore  areas  in  the  Gulf  of  Mexico. 
In  Alaska,  a  single  survey  party  suc¬ 
ceeded  in  mapping  areas  at  the  rate 
of  over  1,000  square  miles  per  day. 


S8500.00 


F.O.B.  Passaic,  N.  J. 


HERE  COMES 

PRINTID-AND-IUUSTRATID  RADIO 

V  self-synchronlxlng 

finch  facsimile 


The  new  Finch  Telefax  Facsimile  Broadcasting  Equipment 
embraces  every  new  development  of  Finch  experience  and 
research  —  backed  by  more  than  100  issued  patents  and 
many  others  pending. 

Assembly  shown  above  consists  of  a  monitor  control  desk 
flanked  by  two  transmitting  scanners,  which  assure  a  con¬ 
tinuous  flow  of  program  material  through  the  transmitter. 

Operation  is  simple,  reliable,  time-saving,  with  automatic 
copy  loading  controlled  by  push  button,  and  automatic 
return  of  scanner  carriage  at  end  of  each  page.  The  extra 
recorder  on  the  control  desk  provides  a  file  copy  of  the 
program. 

The  Finch  sales  contract  carries  with  it  complete  license 
benefit  and  rights  under  the  more  than  100  facsimile  patents 
and  applications  owned  by  Finch  for  the  use  of  Finch 
Facsimile  equipment.  Orders  are  now  being  accepted  for 
fall  deliveries.  And  the  cost  is  much  less  than  some  estimates 
have  been.  Write  for  full  particulars. 


Radio  Propagation  Predictions 

Duties  and  functions  of  the  Inter¬ 
service  Radio  Propagation  Labora¬ 
tory  have  been  absorbed  by  the  Cen¬ 
tral  Radio  Propagation  Laboratory, 
established  at  the  National  Bureau 
of  Standards  to  act  as  an  organiza¬ 
tion  for  centralizing  and  coordinat¬ 
ing  basic  research  and  prediction 
service  in  the  field  of  radio  wave 
propagation.  J.  H.  Dellinger  is  chief 
of  the  Laboratory. 

Beginning  with  the  July  1946  is¬ 
sue,  copies  of  Basic  Radio  Propaga¬ 
tion  Predictions  will  be  available 
from  the  Superintendent  of  Docu¬ 
ments,  U.  S.  Government  Printing 
Office,  Washington  26,  D.  C.  at  16 


FINCH  TELECOMMUNICATIONS,  INC. 

10  EAST  40fh  STREET,  NEW  YORK  16,  NEW  YORK 

Alto  mamo/atforort  of  fimtk  MOCKIT  Aotommo*  lot  FM  Sfarient. 
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in  ^ 

1m 

? 

has  greatly  needed 
components  for 
engineers  and 
experimenters 


0Amom^mminc 


cents  each  or  $1.50  for  an  annual 
subscription  (12  issues).  Each  is¬ 
sue  gives  complete  charts  and  infor¬ 
mation  enabling  the  user  to  calcu¬ 
late  best  sky-wave  operating  fre¬ 
quencies  over  any  path  at  any  time 
of  day  for  average  conditions  for 
the  month  of  prediction.  Predictions 
are  issued  three  months  in  advance. 


Program  of  Chicago 
Conference 

The  tentative  list  of  speakers  and 
subjects  scheduled  for  the  National 
Electronics  Conference  to  be  held 
at  the  Edgewater  Beach  Hotel,  Chi¬ 
cago,  on  October  3,  4,  and  5  is  as 
follows : 


W*  carry  at  all  tlmos  a  eomplat*  aiKl  ax* 
tanslv*  assortment  of  test  equipment  made 
by  all  the  better-known  monufaeturers. 

IN  STOCK  NOW  FOR  IMMEDIATE  DELIVERT 

Weston  Model  77f-Type  1  Analyser 
Ranges: 

DC  Volts:  0-2-S.IO-SO-2SO-IOOO  (at  20,000 
or  1000  ohms  e«r  volt) 

AC  Volts:  0-2.5-10-50.200-1000 
DC  Current:.0-.l.l-l0-50-2S0  ma;  O-MO  am- 


PRIXCIPAL  SPEAKERS 

Dr.  B.  U.  Condon,  director  of  National  Rn- 
reau  of  Standards — Electronics  and  the 
Future. 

Dr.  F.  L.  Hovde,  president  of  Purdue  Uni¬ 
versity — subject  to  be  announced  later. 

Dr.  Q.  C.  Suits,  vice-president  of  Oenenil 
Electric  Co. — Physics  of  Today  Becomes  tlie 
Engineering  of  Tomorrow. 

Dr.  J.  O.  Perrine,  vice-president  of  Bell  Tele¬ 
phone  Laboratories — Radar  and  Microwaves 
(a  demonstration  lecture). 

TELEVISION 

C.  B.  Nobles  of  Westinghouse  Electric  Corp. 
and  W.  K.  Bbel  of  Glenn  L.  Martin  Co. — 
Sfratovlslon  System  of  Communication. 

D.  Ij.  Balthis  of  Westinghouse  Electric 
(’orp. — Westinghouse  Color  Television  Equip¬ 
ment. 

Dr.  Peter  Goldmark  of  Columbia  Broadcast¬ 
ing  System — Color  Television — Latest  State 
of  the  Art. 

Dr.  H.  Salinger  of  Farnsworth  Television 
and  Radio  Corp.  —  The  Electrostatic  Image 
Dissector. 

N.  Young  of  Federal  Telecommunication 
T.aboratories  —  Television  Transmitter  for 
Black  and  White  and  Color  Television. 

W.  Friend  of  RCA — The  Use  of  Pow¬ 
dered  Iron  in  Television  Deflecting  Circuits. 

ANTENNAS  AND  WAVE  PnorAG.\TION 

O.  Kandolan  of  Federal  Telecommunica¬ 
tion  Laboratories  —  Problems  in  Wlde-Band 
Antenna  Design. 

Dr.  Andrew  Alford,  Consulting  Engineer — 
Slot  Radiators. 

Bruce  Montgomery  of  United  .\lrllnes  — 
Improvements  In  75  me  .\lrcraft  Marker  Sys¬ 
tems. 

K.  Bullington  of  Bell  Telephone  Labora¬ 
tories  —  Radio  Propagation  at  Frequencies 
above  30  Megacycles. 

W.  R.  Young,  Jr.  of  Bell  Telephone  Lab¬ 
oratories — Interference  between  VHF  Radio 
Communication  Circuits. 

William  B.  Lodge  of  Columbia  Broadcasting 
System — Propagation  of  UIIF  Signals. 

Otto  Schmitt  of  .\lrhorne  Instruments 
oratorles — Aircraft  Antenna  Pattern  Measur¬ 
ing  System. 

MICROWAVE  GENERATORS 

Professor  W.  G.  Dow  of  University  of  Michi¬ 
gan  —  Continuous-wave  UIIF  Power  at  the 
Fifty-Kilowatt  Level. 

Dr.  A.  E.  Harrison  of  Sperry  Gyroscope 
Co. — Microwave  Frequency  Stability. 

Dr.  Franzo  H.  Crawford  of  Williams  College 
— An  All-Metal  Tunable  Squirrel-Cage  Mag¬ 
netron. 

.Toseph  W.  Kearney  of  Airborne  Instruments 
Laboratories — Design  of  Wide-range  Coaxial- 
cavity  Oscillators  Using  Reflex  Klystron 
Tubes. 


Decibels:  — 14  te  -^2,  —2  to  -fM;  4 12  to  4-28. 

426  to  +42,  438  to  +54 
Ohms:  0-3000 — 25  ohms  centsr  scale 

0-30,000 — 250  ohms  center  scale 
0-300.000 — 2500  ohms  center  scale 
0-30  megohms — 250.000  ohms  center  scale 
In  beautifully  Onished  antique  oak  case  with  cover, 
compiete  with  self-contained  batteries  for  ail 
ranges,  test  leads  and  comprehensive  Instruction 
book  . Net.  $74.70 

Wustoa  Medul  715  Industrial  Circuit  Tustur. 
Ranges  similar  to  779  plus  AC  current  ranges  of 
.5-1-5-10  amperes.  A  really  rugged  unit  buiit  to 
take  the  physical  abuse  It  might  encounter  when 
used  in  fleid  electrical  shops,  laboratories,  broad¬ 
cast  stations  and  aboard  ship . Net.  $101.25 

Brand  Now — Just  ruluasnd — Wuston  Modal 
798  Proportional  Mutual  Conductance 
Tube  Checker.  Tests  every  American-made  tube 
known,  regardiess  of  date  of  manufacture,  or  type 
in  the  receiving  tube  category— plus  all  acorns  and 
midgets  in  the  9000  series,  807’s.  6AK5,  6AK6. 
6AQ6,  6AT6.  etc.  All  filament  voltages  from  l.l 
to  IIS.  Meter  scale  ealihrated  in  micromhos 
0-3000-6000-12,000.  also  red  and  green  sections 
fer  good  and  bad  Indication  and  diode  check. 
Sensitivity  of  tester  can  bo  varied.  It  also  con¬ 
tains  a  volt-ohmmeter  reading  up  to  750  volts  AC 
or  DC.  3  ranges  each;  reads  current  In  2  ranges 
7.5  or  150  mils  and  has  resistance  scales  0-100,000 
ohms  and  0-1  megohm.  Unit  is  supplied  in  grey 
wrinkle  Onish  steel  case  with  cover,  test  leads,  in¬ 
struction  manual  and  tube  charts... Net.  $182.65 
The  ever  popular  Weston  Model  697  Pocket 
Meter.  Ruggedly  constructed  with  heavy  molded 
bakelite  case.  AC/DC  voltage  scales  0-7.5-15-150- 
750:  DC  current  0-7.5-75  mils:  resistance  0-500- 
5000-500.000  ohms.  This  unit  is  very  compact  and 
is  Just  the  thing  to  slip  in  your  pocket  for  that 
Job  away  from  the  lab.  Weston  high  quality  con¬ 
struction  throughout,  all  multipliers  are  1%  wire 
wound  rn  bobbins  by  Weston  precision  methods. 
This  unit  complete  with  self  contained  batteries 

and  test  leads  at  only . $25.92 

Do  you  need  a  small  meter  for  that  special  job 
requiring  iew  resistance  scales  such  as  chocking 
DC  resistance  of  eiectric  motor  windings,  trans¬ 
formers  of  all  types,  etc.  7  This  Weston  69t*1P 
reads  very  accurately  as  low  as  l/2l>th  ohm.  Two 
scales:  0-10  and  0-1000  ohms  full  scale.  Very 
compact,  measuring  only  5'  x  2%'  x  I'/t*  and 
almost  fits  a  vest  pocket. 

Specially  priced  at . $16.22 

A  companion  unit  for  the  higher  ranges.  Weston 
Model  689.  Two  scales:  0-5000  and  0-50,000 

ohms,  at  only . $14.58 

Also  Weston  panel  meters,  all  types — 301.  501,  517. 
425— AC-DC-RF-VU — all  ranges  ...  most  of  them 
in  stock  right  now. 

Remember,  HARVEY  has  full 
stocks  ,  .  .  same-day  shipping 
service  .  .  .  fair  prices.  Send  us 
your  order  now! 

Telephone:  ^  I-O-  3-1800 


Quality,  not  quantity  is  the  tradi¬ 
tion  at  Sillcocks-Miller. 

Of  course,  we  cannot  make  all  the 
plastic  dials  industry  requires,  so  we 
concentrate  on  producing  only  the 


l  hat  s  why  design  engineers  who 
need  plastic  dials  fabricated  to  close 
tolerances  have  come  to  depend 
on  Sillcocks  -  Miller  craftsmanship 
through  the  years. 

Our  understanding  of  the  problems, 
our  ability  to  produce  accurately  and 
our  thorough  knowledge  of  all  types 
of  plastics  enable  us  to  supply  your 
needs  quickly  and  with  a  minimum  of 
effort  on  your  part. 

That’s  why  we  can  say  "It  costs 
you  less  to  pay  a  little  more  for  Sill¬ 
cocks-Miller  quality." 

Write  for  illustrated  brochure  today. 


10  West  Pirkif  AvtM*,  MtFlwpM,  R 
Mellipf  AMrgst:  Steth  0ri9|*'  ^ 

lOH 


105  West  43rd  St.^  N«w  York  18,  N.  Y, 


AIR-NAVIG.VTION  SYSTE.MS 


F.  L.  Moseley  of  Collins  Radio  Company 
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RAWSON  TWIN 
MULTIMETER 


EISLER  EQUIPMENT* 

COMPLETE  AND  DIVERSIFIED  FOR  EVERY  PHASE 
OF  ELECTRONIC  MANUFACTURE! 

transformers:;:^  typps  —  furnace,  distribution,  power,  phase 

changing,  air,  oil,  induction,  water  cooled,  plate,  filament  and  auto-trans¬ 
formers.  Filter  chokes  and  inter-phase  reactors. 


Oise  1^  xe  xo 

A  Combination  AC.  Multimeter  and  DC 
Multimeter 

Range  of  Measurements 
DC  I  microampere  to  I  Ampere. 

20  Microvolts  to  1000  volts. 

AC  (thermocouple  type) 

2  Milliampere  to  3  Amperes. 

60  Millivolts  to  1000  volts. 
tVrife  for  bulletin 
WE  ALSO  SUPPLY 
REGULAR  DC  METERS 
THERMOCOUPLE  AC  METERS 
MULTIMETERS 
FLUXMETERS 

ELECTROSTATIC  VOLTMETERS 
Special  apparatus  built  to  order 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMBRIDGE.  MASS. 
Representatives 

CHICAGO  LOS  ANGELES  NEW  YORK  CITY 


24  Head  Radio  Tube 
Exhausting  Machine. 


EISLER  Spotwelders 
from  Ve  to  250  KVA. 


use  and  in  production 
by  99%  of  all  American 
radio  tube  and  incan¬ 
descent  lamp  manufac¬ 
turers  and  throughoui 
the  world. 


- —CHAS.  EISLEN  — 

EISLER  ENGINEERING  CO. 


751  SO.  13th  ST.  (Near  Avon  Ave.) 


NEWARK  3,  NEW  JERSEY 


BLOCKS 

Burke  provides  a  com¬ 
plete  range  of  styles  and 
sizes  of  Terminal  Blocks 
to  speed  the  connection 
of  wires  at  Panel,  Switch¬ 
board  or  Control  Box. 


Facilities  for  rapid  prodnetiee  of 
all  screw  machine  parts.  Close 
tolerance  work  a  specialty.  Ex¬ 
panded  modern  facilities  permit 
fast  delivery.  All  tools,  jigs,  fix¬ 
tures  produced  on  premises  for 
precision  and  economy. 


THE  ENGINEERING  CO. 

DANIEL  KONOAKJIAN 

27  WRIGHT  ST.,  NEWARK,  N.  J. 


SERIES  1000  is  the  most  compact  style 
of  terminal  block  with  750  Volt  and  30 
Amp  maximum  capacity  available  for 
4,  6,  8,  or  12  wires  to  handle  #8  solid 
to  #18  and  smaller  wire  sizes.  This  and 
9  cthor  types  are  illustrated  and  de¬ 
scribed  in  new  catalog  and  price  list. 

ADDRESS: 

A  JVeuA  RoohUt 


AC  AND  DC  MOTORS  AND  GENERATORS 

BURKE  BLOCKS 

BURKE  ELECTRIC  COMPANY  •  ERIE,  PENNSYLVANIA 
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IIIGH-FHEQUBNCY  INDUCTION  AND 
DIELECTRIC  HEATING 

D.  E.  Watts,  G.  E.  Leland,  and  T.  N.  Wil¬ 
cox  of  General  Electric  Co. — Dielectric  Pre- 
beating  in  tbe  Plastics  Industry. 

U.  J.  Ballard  and  J.  L.  Boyer  of  Westing- 
house  Electric  Corp. — Ignitron  Converters  for 
Induction  Heating. 

T.  P,  Kinn  of  Westinghouse  Electric  Corp. 
— Microwaves  and  Their  Use  in  High-Fre¬ 
quency  Heating. 

Dr.  Eugene  Mittelnianu  of  Illinois  Tool 
Works — The  Problem  of  Constant  Frequency 
in  Industrial  High-frequency  Generators. 


NUCLEAR  PHYSICS 


Dr.  E.  E.  Charlton  and  W.  F.  Westeudorii 
of  General  Electric  Co. — The  Betatron  Accel¬ 
erator  Applied  to  Nuclear  Physics. 

E.  T.  Neubauer  of  .Mlls-Cbalmers  Co. — 
Some  Fundamental  Problems  of  Nuclear  Power 
Plant  Engineering. 

H.  R.  Machlett  of  Macblett  Laboratories — 
An  Accelerator  Column  for  Two  to  Six  Mil¬ 
lion  Volts. 


SPECTROSCOPY  AND  MEDICAL 
APPLICATIONS 

Dr.  A.  O.  Nier  of  University  of  Minne¬ 
sota — The  Mass  Spectrometer  us  an  Indus¬ 
trial  Tool. 

J.  T.  Wilson  of  Allis-Cbalmers  Co. — The 
Use  of  Radioactive  Materials  in  Clinical  Di¬ 
agnosis  and  Medical  Therapy. 

R.  Feldt  and  C.  Berkley  of  Allen  B.  l*u 
Mont  Laboratories — CatluMle-ltay  Speetro- 
graph. 


’  BRAKE  V 

Oi  ACRO  i<  PronouncM 
•niF.ar.K-RO" 


Libraries  to  Gel  OSRD  Reports 

Approximately  three  million  copies 
of  OSRD  reports,  including  some 
45,000  titles,  are  now  being  trans¬ 
ferred  to  the  Library  of  Congre.ss 
for  free  distribution  to  universities 
and  libraries  throughout  the  United 
States.  The  Office  of  Scientific  Re¬ 
search  and  Development,  now  in 
process  of  liquidation,  has  given 
funds  for  this  project  to  the  Library 
of  Congress.  This  great  mass  of 
technical  information  is  comparable 
to  the  entire  contents  of  the  New 
Y'ork  Public  Library.  It  is  esti¬ 
mated  that  80  percent  of  the  material 
will  be  free  from  security  regula¬ 
tions,  with  the  remainder  limited  to 
properly  authorized  personnel. 


321  EIGHTH  AVENUE  SO.  •  MIKNEAPOLIS  15,  MINH. 


Salt-Water  Battery 

An  Army  Air  Forces  radio  locator 
buoy  that  transmitted  radio  signals 
for  direction-finding  purposes  a  few 
minutes  after  being  tossed  into  the 
ocean  by  downed  airmen  was  made 
possible  by  a  battery  development  of 
Signal  Corps  Engineering  Labora¬ 
tories,  Fort*  Monmouth,  N.  .L,  work¬ 
ing  in  collaboration  with  several  in¬ 
dustrial  concerns.  The  new  battery  is 
cylindrical,  about  7  inches  in  diame¬ 
ter  and  10  inches  long,  and  has  a 
positive  electrode  of  magnesium  and 
a  negative  electrode  consisting  of  a 
coating  of  silver  chloride  on  a  silver 
screen.  The  battery  is  activated  by 


SPECIFICATIONS: 

CARRIER  FREQUENCY  RANGE:  86  to  108  megacycles. 

Individually  calibrated  dial. 

OUTPUT  SYSTEM:  1  to  100,000  microvolts 
with  negligible  carrier  leakage. 

OUTPUT  IMPEDANCE:  Constant  at  17  ohms. 
MODULATION:  400  cycle  internal  audio  oscillator. 
Deviation  directly  calibrated  in  two  ranges:  0  to 
30  kc  and  0  to  300  kc. 

Can  be  modulated  from  external  audio  source. 

Audio  fidelity  is  flat  within  two  db  from 
d.c.  to  15,000  cycles. 

Distortion  is  less  than  1%  at  75  kc.  deviation. 

PROMPT  DEUVERY 


ELECTRONICS 


t 


I  SCREW  COSTS  REDUCED;  1,58 
InN  SPECIAL  OEVELOPMEMT 
'’OIVEBSIFICATIOM  CITED 

CMP  N  H  ^Special)  —  An  approxi-  Ne* 
fedutfon  in  screw  costs  (or  a  Th- 
*"  ,  of  the  New  England  Screw  Com-  of 

customer  0 

p^nyofthis  y  diversification 

*i,*has**made  it  possible  for  them  to  handle  En 

1wX«« 

«,Q  nuts  bolts,  rivets,  pms.  etc  ,  the  th 
nint  of  New  England  Screw  pointed  out.  di 
u  entire  manufacturing  process  has  been  w. 
1  with  a  view  to  making  conversion  from  or 

'  J^-al  matter  Our  equipment,  as  well  w 
»  hiahly  trained  personnel,  is  extremely  p. 
C  «  .re  •h.r.b,  .b.,  .»  .PP.» 

rturol  tjee..l  «re«s.  »"b  •  f 

>e" ““ »' 

— - - - special  screws  made  by 

this  fifty  year  old  firm,  v 
M  0  A  large  Engineering  De-  » 

partment  is  maintained  I 

/jT  especially  to  work  with  t 

/  m  those  manufacturers  who  « 

II  use  standard  or  special  ’ 

/ !  screws  or  headed  shanks. 

II  Their  modem  manufac- 

II  tunng  methods  are  ex- 

/  !  plained  in  their  new  caU- 

\  ! !  log  which  will  be  sent  to 

I  ^ _ any  company  requesting  it. 

NEW  ENGLAND  SCREW  CO. 

"^"eEME,  mew  HAMPSHIRE 


U  IJ  k 

FAMOUS  SINCE  1892 

for  Itrllrr  Il4.«*<>rtl  I*«.rf4»rmaii«*4* 


This  is  ihc  needle  that  has 
set  Performance  Standards  in 
laboratories  and  studios  the 
world  over!  It  is  remarkable 
for  hi-fidelity  playback  .  .  . 
and  our  drastic  SHADOW- 
GRAPHIMG  eliminates  all  ex¬ 
cept  perfect  points.  A  profes- 
sionaPs  needle,  indeed,  vindi¬ 
cating  the  BAGSHAW  slogan : 

After  all  • 

you  can*t  beat  the  BEST! 


II.  TV.  Af  TOX  t  i\«  . 

^OI  I  IM^  I  HI  Mt  I  OM 

I  370  M,\  I  \  1  11  \\  I  M  i;  M:H  ^  OKK  I,  Y. 


look 


Nil  O'*®' 


I’m  a 

Western  Electric 

CARDIOID 

1  don't  want  to  bra;;,  but  1  can 
"ive  you  a  choice  of  six  direc¬ 
tional  microphone  patterns  with 
the  pick-up  selector  that's  right 
on  the  back  of  my  head.  Pm  at 
home  anywhere  — in  the  finest 
broadcast  studios  and  in  high 
«|uality  sound  systems  indoors 
and  outdo<»rs. 

My  |M‘rformance  has  made  me 
l>opular  the  worhl  over.  To  learn 
more  alnnit  me  — 


ASK  YOUR 


-jm 

\o 


GraybaR 

BROADCAST  REPRESENTATIVE 


!  IN  RES'CO 
tESISTOR 

I  Close  tolerance  units  for 
p.  precision  performonce 

^  IN-RES-CO  resistors  ore  engineered  to  meet  all  im- 
portont  electronic  application  needs.  They  are  wire 
wound  for  permanent,  exact  resistance  value  and 
both  inductive  and  non-inductive  types  are  standard. 
P  Standard  tolerances  are  1  and  2  %  —closer  toler- 
^  onces  en  special  order.  Rigid  quality  control  assures 
R  a  uniform  standard  of  excellence  end  modem  manu- 
V  facturing  facilities  result  in  lew  unit  cost  end  prompt 
M  delivery.  Manufacturers  of  electrical  and  electronic 
P  instruments  and  equipment  should  ^investigate  the 
advontages  of  designating  IN-RES-CO  as  their  ex- 
elusive  wire  wound  resistor  source. 


TYPES  RN  AND  SN  Tropi-prut  retittort— 
RN:  3/4*  long  x  S/8*  dio..  Max.  Res 
1/3  Megohm,  1/3  woH;  SN;  1>3/16 
long  X  S/8*  dia.,  Mox.  Ret.  1  AAegohn 
I  wolf 


INSTRUMENT 
RESISTORS  CO.  , 

25  AMITY  STRin,  LITTLE  FALLS,  N.  J.  A 
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dunking  it  in  sea  water,  which  enters 
through  a  hole  in  the  jacket  and 
serves  as  the  electrolyte.  Common 
tap  water  may  also  be  used. 

This  new  battery  met  the  require¬ 
ment  that  it  be  storable  for  long 
periods  of  time  without  deteriora¬ 
tion  yet  be  ready  for  instant  use  in 
event  of  an  emergency  at  sea. 


THI  IMC  ENGINEER  IS 


BUT  NOT 
ON  YOUR 
PAYROLL 


Receiver  Production 

Shipments  of  radio  receivers  for 
May  1946  were  estimated  at  1,075,000 
sets  by  the  Civilian  Production  Ad¬ 
ministration.  This  is  about  8  percent 
higher  than  April  shipments  '  of 
1,000,000  sets,  and  comparable  to  the 
prewar  1940-41  rate  of  1.1  million. 
Of  May  shipments,  88  percent  were 
table  models,  5.5  percent  consoles, 
and  6.5  percent  auto  radios.  Scarity 
of  lumber  is  still  holding  down  pro¬ 
duction  of  consoles. 


Kwikheat  is  as  modern  as 
tomorrow— the  only  solder¬ 
ing  iron  with  built-in  ther¬ 
mostat  plus  the  many  other 
valuable  features  shown  be¬ 
low.  Compare  your  present 
soldering  equipment  with 
Kwikheat  and  you'll  agree 
— from  tip  to  plug  Kwikheat 
is  in  a  class  by  itself! 

List  .  .$11.00 


PERSONNEL 

Edward  J.  Content,  with  radio  sta¬ 
tion  WOR  since  April  1926,  has  left 
to  set  up  his  own  business  as  acous¬ 
tical  consultant  and  studio  design 
specialist.  ' 

Niels  Eklund,  for  many  years  a 
consulting  engineer  in  Stockholm, 
Sweden,  has  been  made  chief  physi¬ 
cist  of  Lear,  Inc. 

L£E  Alvin  DuBridge,  recently  elected 
president  of  California  Institute  of 
Technology,  and  before  that  director 
of  Radiation  Laboratory,  MIT,  re¬ 
ceived  the  honorary  degree  of  Doctor 
of  Science  from  Polytechnic  Institute 
of  Brooklyn  at  commencement  exer¬ 
cises  held  on  June  12. 


KWIKHEAT 

is  modern  in 
every  respect! 


1.  Assist  you  in  the  saloction  of  the  best  insu¬ 
lating  material  for  the  job. 

2.  Familiarize  you  with  their  proper  applica¬ 
tion. 

3.  Suggest  ways  to  eliminate  waste. 

4.  Increase  your  production. 

The  IMC  engineer  makes  his  recommen¬ 
dations  on  the  basis  of  his  knosdedge 
and  experience— not  of  one  or  a  few 
electri^  insulating  materials  but  of 
many.  He  and  the  IMC  organization 
are  at  your  service  to  give  technical 
assistance  as  svell  as  to  see  you  get  what 
you  need  when  you  need  it. 


•  HOT  IN  90  SECONDS 

•  HEAT  CONTROL 
BUILT-IN 

•  SAFE  .  .  .  CAN'T 
OVERHEAT 

•  LESS  RETINNINC 
NEEDED 

•  LIGHT  WEIGHT  — 

13’A  OZ. 

•  COOL  PROTECTING 
HANDLE 

•  HEAVY  POWER  — 

325  WATTS 

•  EXTRA -DURABLE  TIPS 


TIP  STYLES 


Kay  L.  Johnson,  formerly  a  signal 
officer  in  the  Army,  has  joined  Bat- 
telle  Institute,  Columbus,  Ohio,  as 
physicist. 

Max  J.  Manahan,  formerly  chief 
electrical  engineer  for  Delco  Radio 
Division  of  General  Motors,  becomes 
director  of  engineering  at  Hoffman 
Radio  Corp.,  Los  Angeles. 

C.  R.  Knight,  with  G-E  in  Schenec¬ 
tady  for  the  past  six  years,  has  been 
appointed  application  engineer  in 


CMCAOO  A,  SA5  W.  WMhinglM  Mvd. 
CUVfLAND  14, 1231  Supwlw  Av*.,  N.  E. 


UANCHtS  In  MKWAUKIi  2,  312  BmI  «!•»••*><« 
Av*.,  DITROIT  X  11M1  W**4wnr4  Av*.,  MIF^ 
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approved 


CONNECTICUT 


WINSTED 


PERMANENT  MAGNETS 


BUDGES^, 


iNkiiiiiar 


LATERAL  FEEDBACK  CUTTER 

—  Driver  Amplifier  Combination 


(OOK  LABORATORIES 


1  39  Gordon  Blvd 


New  dry  battery 
design  problems 
quickly  solved  I 


O  Much  of  tho  success  of 
this  Hudson  Wire  product  is  due 
to  a  new  coating  method  that  gives  a 
smooth,  permanently-adherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  engineering  and  design  facilities  are  at  your 
t  disposal— details  and  quotations  on  request. 


Handy  Burgess  check  sheet 

.  .  .  enables  you  quickly  to  fill  in 
complete  details  on  the  dry  battery 
for  your  special  application . . . 
providing  Burgess  engineers  with 
necessary  information  to  give  you 
facts  on  the  battery  that  will 
answer  your  problem.  Send  for 
check  sheet  today. 


The  making  of  permanent  magnets  is 
an  alloy,  too  ...  of  experierKe,  engi* 
neering,  facilities.  We’ll  be  glad  to 
tell  you  more.  Write  for  bulletin. 


SPECIAL  PURPOSE  BATTERIES 

. . .  Burgess  engineers  are  constant¬ 
ly  developing  special  batteries  for 
new  instruments  or  electronic 
equipment  .  .  .  the  battery  you 
need  may  be  among  them.  Send 
coupon  to  Burgess  today. 


THOMAS  A  SKINNER  STEEL  PRODUCTS  Ca 
1116  I.  23rd  SI.,  Indianapolis  5,  Ind. 


BURGESS 

BATTERY 

COMPANY 


FIRST  ON  THE  MARKET:  16  db  of  faedback  providing  electro- 
i  mechanical  damping  —  low  distortion  —  extended  frequency 
response  — *  high  stability 

CHARAaEIISTICS:  •  Overall  feedbock  velocity  damping  •  ±  2  vu  30  >  12,000  - 
#  Interchangeability  of  cutters  #  Stability  over  tong  periods  #  Instant  selection  of 
recording  charocteristic  #  Undistorted  modulation  copability  well  obove  normol 
recording  level  #  Intermodulation  unbelievably  low  #  Current  feedback  stabilizing 
loop  #  50  watt  amplifier  push-pull  throughout  #  Regular  size  cutter  #  Standord 
mounting  holes  ond  stylus 

“For  recordings  indistinguishable  from  live  tolent  ...  1“ 

Write  for  descriptive  pamphlet. 

Engineering  staff  available  for  special  requirements 


Recording  Systems 

Licensed  under  U.  S.  Pats,  of 

Western  Electric  Co.,  Inc. 
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MICRO-DlimiiilL 


WIRE  &  RIBBON  for 
VACUUM  TUBE 
FILAMENTS&  GRIDS 


#  Many  sizes  and  alloys 
for  a  range  of  applications 
stich  as  miniature  tubes, 
hearing  aid  tubes,  low- 
current-drain  battery  tubes 
receiving  tubes  . . . 


#  Melted  and  worked  to 
assure  maximum  uniform¬ 
ity  and  strength.  WIRES 
drown  to  .0004''  diameter; 
RIBBON  rolled  to  .0001 
thickness . .  • 


il 


•  Wollaston  Process  Wire 
drawn  os  small  as 
.000010";  made  to.  your 
speciBcations  for  diameter 
and  resistance. 


SPECIAL  ALLOYS  made  to 
meet  individual  requirements. 
Write  for  list  of  stock  alloys. 


SIGMUND  COHN  &  CO. 

GOLD  ST.  A  NEW  YORK 

SINCE  A  1901 


1 

k  44 


the  Tube  Division  of  the  company  s 
Electronics  Department. 

Carl  .T.  Biver  is  now  an  application 
engineer  for  the  Ken-Rad  Division 
of  General  Electric  Co.,  in  Owens¬ 
boro,  Ky. 

Harry  S.  Jones,  formerly  chief  en¬ 
gineer  of  the  Instrument  Division  of 
Thomas  A.  Edison,  Inc.,  is  now  assis¬ 
tant  chief  engineer  in  charge  of  re¬ 
search  and  development  for  Lear, 
Inc.,  Grand  Rapids,  Mich. 


H.  S.  lones 


W.  L.  lenkins 


William  L.  Jenkins  is  manager  of 
the  recently  created  Electronic  Ap¬ 
plications  Development  Department 
at  B.  F.  Goodrich  Co.,  Akron,  Ohio. 

Ralph  Bown  is  director  of  research 
at  Bell  Telephone  Laboratories,  New 
York  City,  succeeding  M.  J.  Kelly 
who  will  now  devote  all  his  time  to 
his  duties  as  executive  vice-president 
of  the  Laboratories.  Dr.  Bown  has 
been  associated  with  the  Bell  System 
since  1919,  and  has  been  assistant 
director  of  research  since  1944. 


R.  Bown 


G.  C.  Hale 


CO.  J 

)RK  J 

J 


Oscillograph 

CATHODE-RAY 
RECORDING  CAMERAS 

—35  and  70  MM.— 

Instrumentation 

CINE  CAMERAS 

Micro-Second 


George  C.  Hale  has  been  appointed 
vice-president  in  charge  of  opera¬ 
tions  for  Jefferson-Travis  Corp., 
New  York,  N.  Y.  He  spent  three 
years  as  communication  equipment 
officer  on  the  staff  of  General  Arnold 
during  the  war,  resigning  with  the 
rank  of  Colonel. 

David  S.  Saxon  is  associate  physicist 


Drum  Cameras 
and 

ACCESSORIES 


The  science  of 
"Electronic 
Measurement" 

Has  Been 
Advanctd 

by 

AVIMO  Limited 

TAUNTON. 

SOMERSET 

ENGLAND 


If  your  photographic 
problem  cannot  be 
solved  by  the  range  of 
cameras  offered  by 


or  under  development  by 
them,  they  are  prepared 
to  modify  their  cameras 
or  design  and  develop 
new  cameras  and  equip¬ 
ment  to  perform  what¬ 
ever  function  is  required. 

BROCHURE  AVAILABLE  ON  REQUEST  TO 

Canadian  Aircraft  Instruments 

&  Accessories  LIMITED 

Leaside,  Ontario, 
CANADA. 

“North  American  distributors'' 
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With  T2PC  Plastic  Lens 


With  T2MC  Glass  Lens 


25c  WILL  GET  YOU 
2  TRIAL  CANS 

Paste  &  Liquid 
Soldering  Flux 


MASSIVE  CORE 

25%  More  Capacity 


T2  lampholder,  molded  of  bakelite, 
holding  lip,  dia.  11/16".  Tip  of  lamp 
bulb  protrudes  sufficiently  to  be  re¬ 
moved  from  front  of  panel  without 
use  of  special  tool. 

Very  low  current  consumption  bulb 
(0.038  max.  amp.  on  24  volts).  Series 
resistor  of  small  size  on  120-220-440 
volts,  etc. 

T2PC  Lens-cap,  molded  in  plastic. 
T2MC  Lens-cap,  metal  with  glass  lens. 


WRITE  TODAY  FOR  CATALOGUE 


THE  H.  R.  KIRKLAND  COMPANY 

8  King  Street  Morristown.  N.  J. 


KIRKLANO  Pioneer 

INDICATING  LAMPS 


Prove  to  yourself  that  Rubyfluid 
fluxes  are  the  best  for  soldering 
any  type  of  electrical  connections 
— that  they  are  easy  and  economi¬ 
cal  to  use — have  no  harmful  or  ob- 
iectionable  fumes — wet  out  freely. 

Send  25c  in  Coin  or  Stamps 
today  for  2  trial  cans. 

RUBY  CHEMICAL 

61  McDowell 
Columbus  8,  Ohio 


Another  exclusive  Hardwick-Hindle 
advantage  is  this  great  ceramic  core 
of  unusually  large  cross  section  for 
the  wattage  rating— more  wire,  more 
surface  and,  less  temperature  rise. 

And  between  this  ceramic  winding 
core  and  the  rugged  die  cast  base 
there  is  ample  space  for  full  ventila* 
tion  to  insure  low  operating  temper* 
ature  for  the  mounting  panel. 

This  is  only  one  of  several  exclu* 
sive  features.  Let  us  tell  you  of  other 
Hardwick-Hindle  advantages  in  this 
and  in  other  rheostats,  as  well  as  in 
our  resistors. 

Our  engineering  service  is  always 
available  for  specific  problems.  Write 
us  today. 


<8> 


P  HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 
Subsidiary  of  THI  NATIONAl  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  biaiusmw  i«m 
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S//UPi/Fy /MiTiVODS 

OF  ASSEMBLING  AND  SERVICING 

with  WALKER  -TURNER 
FLEXIBLE  SHAFTING 

\\ 

\\ 


*  You  can  put  controlled  elements 
wherever  good  design  dictates  .  .  . 
when  you  use  Walker-Turner  Flex¬ 
ible  Shafting  in  your  products.  It 
goes  around  and  over  obstacles — 
takes  up  minimum  space — central¬ 
ises  controls  lor  convenient  opera¬ 
tion,  no  matter  where  the  condens¬ 
ers.  rotary  switches,  etc.,  are 
located. 

Scientifically  engineered  and  care¬ 
fully  wound  to  produce  smoother 
power  flow,  sensitive  control  ond 
trouble  free  operation.  Write  for 
further  information. 

WALKER-TURNER  CO..  Inc. 

PLAINFIELD.  NEW  JERSEY 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


SMALL.. 

CAPACITY 


Hathaway  Type  S-12  Oscillograph 
combines  small  size  and  portability 
without  sacrificing  accuracy,  capacity  and  recording  quality.  Capacity 
up  to  12  channels,  permanent  film  or  paper  record,  interchangeable 
high  frequency  galvancmieters  and  many  automatic  features.  Viewing 
screen  permits  simultaneous  viewing  and  recording. 

Hathaway  Type  S-12  Oscillograph  is  indespensable  where  portability, 
acciuracy  and  ease  of  control  are  fundamental — it*s  as  easy  to  take  with 
you  as  a  brief  case, 

^  Delivery  60  to  90  days.  Write  for  bulletin  SP-167.  Hathaway 
Instrument  Co.,  1315  S.  Clarkson  Street,  Denver  10,  Colorado. 


^W//INS1RIIM[NTS 


on  the  research  staff  of  Philips  Lab¬ 
oratories,  Inc.,  in  charge  of  the  sec¬ 
tion  on  theoretical  physics.  At  pres¬ 
ent  he  is  working  on  the  theory  of 
the  stability  of  high-energy  particle 
accelerators  such  as  the  synchrotron 
and  the  frequency-modulated  cyclo¬ 
tron. 

Fred  P.  Andrews,  in  charge  of  the 
Alaska  Communications  System  for 
the  Army  for  five  years  with  the  rank 
of  Colonel,  was  elected  vice-president 
of  Press  Wireless,  Inc.,  New  York, 
N.  Y. 


F.  P.  Andrews 


B.  S.  Ellefson 


Bennett  S.  Ellefson  becomes  di¬ 
rector  of  the  Central  Engineering 
Laboratories  of  Sylvan  ia  Electric 
Products  Inc.,  and  will  direct  re¬ 
search  and  development  of  radio, 
electronic,  and  lighting  products. 

John  H.  Morecroft,  Jr.  is  back  with 
Consolidated-Vultee  Aircraft  Corp.. 
Downey,  Calif,  as  electrical  engineer 
after  serving  for  3j  years  with  Sub¬ 
marine  Signal  Co.,  as  consultant  to 
the  U.  S.  Navy  on  installation  and 
maintenance  of  radar,  sonar,  and  re¬ 
lated  electronic  equipment. 

A.  D.  Haedecke  is  designing  engi¬ 
neer  in  the  Specialty  Division  of  the 
Electronics  Department,  General 
Electric  Co.,  Syracuse,  N.  Y.  and  will 
be  responsible  for  electrical  and  me¬ 
chanical  design  of  the  division’s 
products. 

J.  Russel  Stewart  has  returned  to 
his  duties  with  the  engineering  divi¬ 
sion  of  Stromberg-Carlson  Co.,  Ro¬ 
chester,  N.  Y.  after  being  released 
from  the  Signal  Corps  with  the  rank 
of  major.  He  will  work  on  develop¬ 
ment  of  carrier-current  telephone 
equipment. 

Arthur  W.  Melloh  will  be  responsi¬ 
ble  for  the  development  of  carrier- 
current  equipment  at  Stromberg- 
Carlson  Co.,  Rochester,  N.  Y.  During 
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K-  * 

^  10-12  VAN  CORTLANDT  AVE.  EAST 
BRONX  S8.  N.  Y.  SEdqwick  3-1593 


Find  Out  Now  About 

★  ST  A  R ★ 

CERAMICS 


There  are  many  kinds  lor 
special  uses,  such  as  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  oi  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts."  It  is  right  to  the  point. 


The  ST^R 

PORCELAIN  CO. 

EI*ctro«Ics  Dept. 

Trenton  9,  N.  J. 


BAACH-INTERNATIONAL 


EIGHT  HEAD  HOT-CUT  FLARE  MACHINE 


Automatic  throughout. 

Can  be  synchronized  with  automatic  Stem 
machine. 

Accommodates  eight  full  lengths  of  glass  tubing. 
Cuts  off  and  flares  in  one  operation. 

Production,  1000  flares  per  hour. 

Made  in  two  sizes :  Miniature  machine,  for 
miniature  flares  and  fluorescent  starters,  and 
Standard  machine  for  standard  size  lamps, 
fluorescent  and  radio  tubes. 

Range  of  Standard  Machines: 

Glass  tubing . 35  to  42  gauge 

Length  of  flares . 5  mm  to  80  mm 

Forms  flares  up  to . 47  mm  diameter 

Net  weight . 1500  pounds 

Boxed  . 1700  pounds 


INTERNATIONAL  MACHINE  WORKS 


Mannjacturers  of  High  Vacuum  Pumps,  Automatic  Machinery  for 
Incandescent  Lamps,  Electronic  Tubes  since  1916. 

2()27-46TH  STREET,  NORTH  BERGEN,  N.  J.,  U.S.A. 

Tel.  UNion  3-7412.  Cable  Address,  "Intermach”  North  Bergen,  N.  J. 


Permalloy 
dust  core 
toroids 


STA-WARM  ELECTRIC 

SOLDER  POTS 


Inductance  up  to  3  Hys. 
"Q"  as  high  as  150  at 
3000  cy. 

.  also 

Toroids  in  Filters 
^\  and  Equalizers 

^  Co. 


ANY  TYPE,  ANY  SIZE,  FOR  ANY  HEATING  SPECIFICATION 


If  you  use  solder.  Sta-Warm  has  the  electric 
solder  heater  for  you. 

Types  include  heaters  for  dipping,  tinning,  pour¬ 
ing.  and  for  dispensing  a  drop  at  a  time  or  in  a 
thin  regulated  stream. 

Capacities  include  handy  model  647Y  which 
holds  only  a  half  lb.  up  to  653  which  holds  78 
lbs.  In  between  range  16  other  models  from 
which  you  can  choose  the  most  efficient  heater 
for  your  application. 

All  except  647Y  are  offered  in  single  heat, 
three  heat  or  fixed  thermostat  types.  Some  in¬ 
clude  Tariable  thermostat  controls  for  extreme 
flexibility  or  unusual  operations. 

Why  not  inquire  lor  complete  bulletin  today? 

Address  Dept.  H. 


Vt  LB.  TIN  POTS 


POURING 

POT 


SOLDER 

DISPENSING 

HEATERS 


taWarm  ELECTRIC  CO. 

1000  N.  CHESTNUT  ST.  •  RAVENNA,  OHIO 
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Sometimes  much  more  embarassing  or 
disosterous  results  can  come  irom  slip¬ 
page  or  unintentional  moTement  of  a 
dial  than  from  haring  the  girl  friend's 
slip  hong  below  her  dress.  The  NEW 
BUD  DIAL  LOCK,  DIrl947.  absolutely 
prerents  this  occurrence. 

DL-1947  is  a  new  addition  to  t^e  BUD 
line  and  fills  a  need  of  long  standing. 
It  is  a  precision  tmit  espedally  designed 
for  apparatus  requiring  on  accurate, 
fast-acting  dial-lock  and  tuning  indi¬ 
cator. 


DON'T  FAIL  TO  SEE  IT  AT  YOUR 
LOCAL  DISTRIBUTOR  TODAY!!! 

BUD  Can  Supply 
All  Your  Needs!  .  .  . 

.  .  .  with  the  latest  types  of  eqaipmeiit 
includisg:  eoedeesers  —  chokes  •—  coils  — 
insulators  —  plugs  — >  locks  —  switches  — 
dials  —  test  leads  •—  fewei  lights  and  a 
complete  line  of  ultra-modern  cabinets 
and  chassis. 


BUD  RADIO,  INC. 


CLEVELAND  S,  OHIO 


the  war  he  instructed  Navy  personnel 
in  operation  and  maintenance  of  un¬ 
derwater  .sound  equipment  at  the 
Navy’s  San  Diego  laboratory. 

Richard  G.  Leitner  was  appointed 
chief  electronic  engineer  of  Lear,  In¬ 
corporated  of  California,  located  in 
Los  Angeles.  His  past  experience  in¬ 
cludes  six  years  as  chief  engineer  for 
Jackson-Bell  Radio  Co.  and  five  years 
in  a  similar  position  with  Syncro 
Sound  Corp. 


R.  G.  Leitner  G.  E.  Webster 


Glenn  E.  Webster  becomes  chief 
engineer  of  The  Turner  Co.,  Cedar 
Rapids,  Iowa.  He  was  formerly  in 
charge  of  speech  equipment  for  Col¬ 
lins  Radio  Co. 

Rollin  H.  Mayer  was  elected  vice- 
president  and  general  manager  of 
the  newly  organized  St.  Louis  Micro¬ 
phone  Co.,  St.  Louis,  Missouri. 

Haraden  Pratt,  vice-president  of 
Federal  Telephone  and  Radio  Corp. 
and  chairman  of  RTPB,  is  an  official 
guest  of  the  Army  and  Navy  and  a 
civilian  observer  at  the  Bikini  Atoll 
atom  bomb  tests. 

James  Lawrence  Fly  has  joined 
with  W.  C.  Fitts,  Jr.  and  P.  Shuebruk 
to  form  the  law  firm  of  Fly,  Fitts 
and  Shuebruk,  with  offices  in  Rocke¬ 
feller  Plaza,  New  York  City. 

R.  F.  Shea,  designer  of  the  first  line 
of  G-E  Musaphonic  receivers,  has 
been  named  engineering  consultant 
in  the  Specialty  Division  of  G-E’s 
Electronics  Department. 

Cyrus  T.  Read  has  left  the  engineer¬ 
ing  staff  of  Hallicrafters  to  become 
supervising  buyer  of  electronic 
equipment  for  Montgomery  Ward  & 
Co.,  Chicago. 

Robert  B.  Anderson,  radar  field  en¬ 
gineer  with  Submarine  Signal  Co. 
until  recently,  has  organized  The 


KANTHAL 

RESISTANCE  WIRE 

is  manufactured  in  three 
grades,  KANTHAL  A-1,  A  and 
DS,  in  the  form  of  wire,  rib¬ 
bon,  and  strip.  KANTHAL  is 
an  alloy  of  iron,  chromium, 
aluminum  and  cobalt,  selected 
and  controlled 
as  to  propor¬ 
tions  for  de¬ 
sired  variations 
in  electrical 
and  physical 
properties. 


KANTHAL 

RESISTANCE  WIRE 

Characterized  by  high  resistiv¬ 
ity  and  outstanding  resistance 
to  scaling  at  high  tempera¬ 
tures,  combined  with  sufficient 
ductility  for  cold-forming  op¬ 
erations  and  economy  of  appli¬ 
cation.  Maximum  continuous 
service  temperatures  2462“F, 
2372“F,  and 
2102“F;  resis¬ 
tivity,  872,  837 
and  812 
ohms/C.  M.  F. 
at  68 “F,  for 
KANTHAL  A- 
1,  A,  and  DS 
respectively. 

KANTHAL 

RESISTANCE  WIRE 

Much  less  susceptible  to  attack 
by  sulphur  fumes  and  com¬ 
pounds  than  the  nickel-base 
alloys;  KANTHAL  A,  under 
attack  by  sulphurous  acid, 
shows  an  in- 
crease  in 
weight  in 
grams  per  m2 
per  hour  of  on¬ 
ly  6.8  grams  at 
2282**?. 


the  Kanthal  Handbook 

Comprising  115  pages  of  complete 
technical  reference  material  ro\ering 
all  data  on  the  properties,  fields  of 
application,  and  design  consideration 
of  the  Kanthal  al¬ 
loys,  will  be  sent 
upon  request  to 
engineers  writing 
on  company  letter¬ 
heads. 


THE  C.  O.JELLIFF  MFG.  CORP. 


SOUTHPORT-  CONN 


212 
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optical  Glass 
Specialties 


Optical  lenses,  prisms 
and  flats 

FS  Precision-Bore  Glass  Tubes 
with  bore  exact  within  .0002" 

Confaef  us  for 

such  requirements 

FISH-SCHURMAN  CORPORATION 
230  East  45tli  St..  Naw  York  17,  N.  Y. 


Release  trigger  and  circuit  breaks 
automatically.  Intermittent  heat  saves 
power  when  continuous  use  is  unnec¬ 
essary.  Fast  heating,  SPEED  IRON  is 
always  ready  lor  use. 

•  SOLDER  IN  TIOHT  PUCES-AROUNO  CORNERS 

•  PERFEaiY  RAUNCED-EASY  TO  HANDLE 

•  STAYS  TINNED- NO  TIP  RURNIN6 

•  LOW  VOLTAGE,  HIGH  CURRENT  FROM  RUILMN  TRANS¬ 

FORMER 

•  IMPAa  RESISTANT  PUSTK  CASE  AND  HANDLE-STAYS 

COOL 

WELLER  MFG.  CO. 

510  NORTHAMPTON  ST.  •  EASTON,  PA. 

♦trade  mark  REG.  U.  S.  PAT.  OFF. 


too  WATTS 
Its  VOLTS 
60  CYCLES 


NEW  TRANSFORMER  ^ 
PRINCIPLE  FOR  ^ 
FAST  HEAT  *" 


SEC  WHAT 
YOU  SOLDER 


Ask  IV  SPEED  IRON  at 

your  RADIO  PARTS  DISTRIBUTOR 


MIOGH 

TYPE 

600 


L^BS 


tech 


“  liiwurcRifi 
JLi!  "A  »  4  »  t  * 


roqiMAt 


STANDARD 


Manutacfurers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  .  JERSEY  CITY  7  N.J. 


I  AG  H  St  .,  NO- 

A  60  Orco  .0>wV>09 


■-r- 


lies 
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PRECISION  PARTS 

GEARED-UP 
FOR  SPEED 


As  a  plane  takes  to  the  air  it  neatly  tucks 
its  landing  gears  underneath  its  belly, 
speeding  its  flight  and  increasing  the  effi¬ 
ciency  of  its  engines.  The  effortless,  fool¬ 
proof  meshing  of  hydraulic  worm  and 
W'orm  gear  which  makes  this  possible  de¬ 
mands  precision  of  the  highest  order  .  .  . 
precision  that  Ace  is  well  qualified  to 
deliver. 

Producing  such  a  worm  in  mass  quanti¬ 
ties  is  really  quite  simple,  if  you  have  the 
engineering  skill  and  the  u|)-to-date  ma¬ 
chines  that  Ace  has.  The  pi<‘ce  must  l)e 
machined  from  the  blank,  rough  turning 
all  the  diameters  and  rough  grinding  the 
worm.  The  entire  piece  is  tlu'n  heat- 
treated.  After  heat-treating,  it  is  returned 
to  the  thread  grinder  and  the  worm  is 
finish  ground  to  a  toleraiu’e  of  i.tXKlS". 
The  four  other  diameters  u.sed  as  tearing 
surfaces  are  cylindrical -ground  concen¬ 
tric  to  the  major  diamtder  of  the  worm 
and  to  each  other  .  .  .  within  a  total  indi¬ 
cator  reading  of  ±  .0002''. 

Worms  or  threads,  spindles  or  valves 
.  .  .  small  parts  and  assemblies  whatever 
their  nature  .  .  .  are  all  the  same  to  Ace. 
Where  precision  is  required,  we  will  pro¬ 
duce  it,  and  in  production  quantities.  Ace 
has  complete  facilities  for  tool  and  die 
work,  stamping,  machining,  heat-treating 
and  grinding.  Send  us  a  sample,  blueprint, 
or  sketch  for  quotation. 


Capacity  open  on  Centerless  Grinders 


ACE  MANUFACTURING  CORPORATION 

for  Precision  Paris 


1255  E.  ERIE  AVE.,  PHILADELPHIA  24,  PA, 


Anderson  Sales  Co.  in  Boston,  Mass, 
to  serve  the  electronics  field. 

John  L.  Baird,  British  pioneer  in 
television,  died  in  London  in  June  at 
the  age  of  68. 

Ralph  P.  Glover,  consulting  engi¬ 
neer  in  Oak  Park,  Illinois,  has  been 
retained  by  Technology  Instrument 
Corp.,  Waltham,  Mass,  as  technical 
representative  for  the  Chicago  area. 

A.  J.  Monack  has  left  Mycalex  Cor¬ 
poration  of  America  to  engage  in 
consulting  services  on  glass,  glass- 
metal  seals,  and  electronic  insulation. 

Gordon  M.  Lee,  now  technical  di¬ 
rector  of  Central  Research  Labora¬ 
tories,  Inc.,  Red  Wing,  Minn.,  was 
awarded  the  Browder  J.  Thompson 
Memorial  Prize,  established  by  the 
IRE  to  stimulate  radio  and  electronic 
research  by  young  scientists,  for  his 
paper  “A  Three-beam  Oscillograph 
for  Recording  at  Frequencies  Up  to 
10,000  Megacycles’'  (Proc.  IRE,  p 
121 W,  Mar.  1946). 


G.  M.  Ldo 


V.  M.  Graham 


Virgil  M.  Graham  becomes  manager 
of  technical  relations  for  Sylvania 
Electric  Products  Inc.,  and  will  co¬ 
ordinate  activities  of  the  various  en¬ 
gineering  groups  as  well  as  maintain 
liaison  with  advertising  and  public 
relations  activities. 


BUSINESS  NEWS 

Ripley  Co.,  Inc.,  Torrington,  Conn., 
has  been  organized  as  a  merger  of 
United  Cinephone  Corp.,  The  Ripley 
Co.,  and  the  L-R  Mfg.  Co.,  all  of  Con¬ 
necticut,  and  will  continue  to  design 
and  manufacture  electronic  equip¬ 
ment  for  industrial  applications  and 
for  laboratories.  To  provide  addi¬ 
tional  plant  facilities,  the  new  com¬ 
pany  has  purchased  the  former  Pratt, 
Read  &  Co.  plant  at  Deep  River, 


I  Interior  view  showirq 
simplicity  of  making 
rigid  connections 


COAXIAL 
CABLE 
CONNECTOR 


*  Easy  to  install 

•  Watertight 
•Seals  Cable  Ends 

SERVES  AS  CENTER 
INSULATOR  ON 
HALF-WAVE  DOUBLET 

The  new  B  &  W  CC-50  Connector 
does  an  excellent  job  of  providing  a 
waterproof  termination  for  a  coaxial 
line  where  it  joins  the  center  of  a 
half-wave  doublet  antenna.  Made  of 
cast  aluminum  with  steatite  insula¬ 
tion  and  forged  steel  eyebolt  with 
easy  soldering  connections.  Weighs 
only  12  ounces.  Absolutely  water¬ 
tight.  Write  for  details. 


BARKER  & 
WILLIAMSOH 

Inductor  Coil  Headquarters 
237  Fairfleld  Ave.,  Upper  Darby,  Po. 
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BEFORE  YOU  BUY  AN  FM 
TRANSMITTER-Invesfigafe/ 


JONES 

TERMINAL 

PANELS 

Our  large  Tariety  of  Ter- 
minols  plus  special  equip¬ 
ment  enable  us  to  gire 
unusual  serrice  on  spe- 
dal  Terminal  Panels. 
Send  us  a  print  or  descrip¬ 
tion  of  your  requirements 
and  we  will  promptly  sub¬ 
mit  prices  and  deliyeries. 
Hundreds  of  standard 
Terminal  Strips  listed  in 
Catalog  No.  14.  Send  for 
your  copy  today. 

Howard  B.  Jones  Division 

CINCH  MFG.  CO. 

2460  W.  Gaoria  Straat 
Chicaio  IS.  Illlnola 


Large  range  of  wire 
sizes  carried  in  stock 
for  immediate  fabri¬ 
cation  into  Rings  and 
Preforms. 


ELECTBOMIC  SPECIALTIES 

MANUFACTURING  COMPANY 

127  North  Main  Stroot,  Elkhart,  Indiana 


Piasticoii  Type2  tiff 

lmi»r«gnat«d  plastic  fitni  dlel^Kfflc 
itors.  Tiiay  will  operas 

-  '  '  ‘  is 

wl^  loss  than  capocHance  c^ppp^i: 
smiA;^  'ore 


Tilondenser 

ProilfEe^«  i^ompany 

1375  NORTH  BRANCH  STREET  •  CHICAGO  22.  ILLINOIS 


MANUFACTURERS 
OF  FM 

TRANSMITTERS 

EMPLOYING 

ARMSTRONG 

PHASE-SHIFT 

MODULATION 


I  KW  FM  TRANSMITTIR 


•  SOFT  SOLDER  RINGS 

and  preforms 


SILVER  SOLDER  RINGS 


COPPER  BRAZING 
RINGS 


- 

...  .  ^ 


'U  ‘>r>e  V 


VliiVS’* 


»  III 


r4ii« 


oi»* 


RADIO  ENSINEERING  LABS.,  INC. 

Long  Island  City,  N.  Y. 
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Conn.,  comprising  a  total  of  eleven 
buildings. 


ELECTRONIC  APPLICATIONS 

ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
for  electronics  and  television  applications  as 
well  os  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines,  these 
power  units  ore  of  single-unit,  compact  design 
and  sturdy  construction.  Suitable 
for  mobile,  stationary  or  emer¬ 
gency  service. 


Capoeity  raagc:  3S0  to  3S,000 
watts:  115  to  MO  volts  A.C.. 
SO  to  800  cyelos:  8  to  500 
volts  D.C.;  eoMbinotioa  A.C. 
D.C.  typos. 


8.’,  ■ 


Radio  Condenser  Co.  purchased 
from  War  Assets  Corp.  for  $154,. 
986.11  the  Camden,  N.  J.  plant  it 
operated  during  the  war  for  produc¬ 
tion  of  variable  capacitors,  and  plans 
to  continue  production  of  capacitors 
for  radio  and  radar  equipment.  Be¬ 
tween  2,300  and  3,000  persons  are  to 
be  employed. 

The  1946  Radio  Parts  &  Electronic 
Equipment  Conference  &  Show  in 
Chicago  broke  all  industry  records 
with  a  registered  attendance  of  7,652, 
with  169  manufacturing  lines  and  14 
publications  in  booths. 

Electronic  Corporation  of  Amer¬ 
ica  formally  opened  its  new  one-city- 
block-square  plant  in  Brooklyn,  N.  Y. 
on  June  13. 


Model  shown  is  from  W2C 
senes.  2000  to  3500  wotts, 
powered  by  Onan  two-cyl- 
inder.  water-cooled  engine 


HERE’S  THE  PORTABLE  OSCILLOSCOPE 


LIGHT,  FLEXIBLE,  INEXPENSIVE  AND  COMPLETE 


POCKETSCOP 


So  SMALL  in  size  (4"  x  x  10") 
So  LIGHT  in  weight  (5%  lbs.) 

So  COMPLETE  in  performance 
So  INEXPENSIVE  in  price 

Plus  WIDE-ANGLE  VISION:  on 
shelf,  on  floor,  on  bench 

Plus  RETRACTABLE  LIGHT  SHIELD: 
for  increased  visibility 


A  2"  "pocket-sise" 
'scop*  incorporoting  Hm 
coHiode  ray  tube,  ver¬ 
tical  and  horizontal 
amplifiers,  linear  time 
base  oscillator,  syn¬ 
chronization  means  and 
self-contained  power 
supply. 


FOR 

DELIVERY: 

Contact  your  nearest  job¬ 
ber.  If  he  doesn't  have 
the  POCXETSCOPE  avail- 
able,  contact  us  direct. 

WAIERMAN  PRODUCTS  Ca 

IHCOanORATZO. 

Philo.  2S,  Pa. 


WATERMAN  PRODUCTS 


ECA'z  new  plant,  completely  built  for 
•traight-line  radio  set  manufacture  and 
featuring  euspended-duct  wiring  for  maxi¬ 
mum  flexibility.  Engineering  and  research 
laboratories  ore  on  a  balcony  that  rum 
around  the  entire  plant 

Motion  Picture  Supplies  Ltd.,  St. 
Johns,  Newfoundland,  points  out  that 
Newfoundland  is  not  a  Province  of 
Canada,  but  a  separate  Dominion 
with  its  own  customs  tariff,  and 
hence  merchandise  manufactured  in 
the  United  States  should  be  quoted 
direct  rather  than  through  Canadian 
agents  or  jobbers. 

Laboratory  for  Electronics,  Inc., 
formed  recently  in  Boston,  Mass., 
has  as  officers  all  three  members  of 
the  dissolved  partnership  of  Cole, 
Holdam  &  McGrath,  along  with  D.  F. 
Cutler,  Jr.  as  executive  vice-presi¬ 
dent. 

Western  Electric  Co.  has  leased  the 
Kenmore  plant  of  Curtiss-Wright 
Corp.,  Buffalo,  N.  Y.  for  manufacture 
of  switchboard  cable  and  other  tele- 
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Mere's  Your  Opportunify  to  be  First  to 


Start  Your  Own 
RADIO  SERVICE 
SHOP 


Complete  Storting-in-Business 
Package  Stocks  of  . 


TEST  EQUIPMENT 
TUBES,  PARTS,  TOOLS 


Act  quickly!  Meet  the  pent  up  demand  foi 
radio  service  Turn  your  special  service  training 
into  a  proRtable  business  ol  your  own.  No  lust 
No  worry  Here  s  everything  you  ne^ — $350 
up  Details  upon  request'  Write,  wire  or  phone 


PRECIOUS  METALS  IN  ALL  FORMS  FOR  THE  ELECTRONIC  INDUSTRIES 


KMUIW 


SUPPLY  & 
ENGINEERING  CO.,  Inc. 

127SELDENAVC  DETROIT  1.  MICH 


231  NEW  JERSEY  R  R  AVE 
NEWARK  5,  N.  J 


PRECIOUS  METALS  SINCE  1875 


Specializing  In  the  production  of  highest 
quality  Alnico  Magnets  In  all  grades 
Including  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  burnished. 

Information  and  suggestions  furnished 
on  request. 


"pocicn”  voim 

A.C.-D.C.  VoHs 

0-^-50-250-1000 
D.C.  Mills 
0-.5-10-100-1000 
Ohms 

0-2,000-20.000-200.000- 

2  Msg. 

Sis*  3"x5Ti”x2H‘' 


MANtff ACTUinS  Of  HIGH  COIICIVE  MACNITK  AUOYD 


lOOOl  ERWIN  AVENUE 

DETROIT  5.  MICHIGAN 


RECORD  CHANGERS 

UTAH-OITROIA  ttSSOC . 

wnsnit^mcAOO  »S6 . 


preferred 


HALLICRAFTERS  SX-28A 


as  a  source  of  pre- 
clslon  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


SUPER  DEFIANT  . . . 
SKY  CHAMPION  ... 
SKYRIDER  MARINE 
S40NEW  MODEL..., 
SKYRIDER  JR.  S41.. 


. SX25  $04.50 

. S20R  40.00 

. S22R  74.50 

Approximately  79.50 
.  35.50 


CUP  WASHERS 
for  Binding  Screws 

WHITEHEAD  STAMPING  CO 

1691  W.  Lafayette  Blvd.  Detroit  16,  MIchlga 


HAMMARLUNP  HQ-I29-X$I29 


TRIPLETT  625-N 

20000  ohms  per  volt  D.C. 

10000  ohms  per  volt  A.C. 

5*  Scale-TOPMOST  QUALITY 
(12)  D.C.  Volt  Ranges  to  5000 
(6)  A.C.  Volt  Ranges  to  5000 
(3)  OHM  Ranges  0-400-50000- 
10  Meg. 

(5)  D.C.  Current  Ranges  1  Ma. 
to  10  Amp. 

PLUS  OUTPUT  and  DB. 
RANGES 

$45.00  with  test  leads. 


PHILCO  REAM  OF  LIGHT 

Mnnhim  CMI  only,  no  holder . 1 


90%  deposit  required  on  all  C.O.D.  orders.  9% 
tniMportation  allowance  on  orders  of  $25.00  or 
more  Moompnnied  hr  payment  ia  full. 
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VX  Series 


Subminiature  tubes 

. . .  now  available  as  pentodes, 
tetrodes,  triodes  and  diodes 
operate  at  10  milliamperes  fila¬ 
ment  current,  10*^^  amperes 
grid  current,  and  have  an  ex¬ 
tremely  high  grid  resistance  of 
10^^  ohms  or  greater. 

Developed  for  the  finest  in 
instrumentation  — solving  the 
problem  of  making  new  and 
intricate  circuits  simple  and 
feasible. 

Victoreen  vacuum  sealed  hi- 
megohm  resistors  have  filled  the 
void  of  quality  resistances  in 
a  range  from  100  to  10,000,000 
megohms.  Used  wherever  re¬ 
sistors  of  these  values  require 
unusual  stability  with  relatively 
low  temperature  and  voltage 
co-efftcients. 

Write  for  our  free  technical  data 
booklet  on  tubes  and  resistors. 

L_^_J 

THE  VICTOREEN  INSTRUMENT  CO. 

3800  PERKINS  AVENUE 
CLEVELAND  M,  OHIO 


I  phone  products.  The  plant  has  760,- 
I  000  sq  ft  of  floor  space  and  is  ex¬ 
pected  to  employ  3,000  people, 

,  St.  Louis  Microphone  Co.  moves 
;  into  its  newly  constructed  building 
in  St.  Louis,  Mo.  early  in  August, 
and  will  produce  a  complete  line  of 
i  dynamic  microphones. 

PniLCO  Corporation,  Philadelphia, 
purchased  approximately  22,000  acres 
of  standing  timber  in  North  and 
South  Carolina  in  a  move  to  overcome 
the  cabinet  shortage  facing  the  radio 
industry.  Logging  operations  will  be 
carried  on  by  Southeastern  Indus¬ 
tries,  Inc.,  a  wholly-owned  Philco 
subsidiary, 
i 

Harvard  University  will  move  its 
51-foot-long  automatic  calculator  into 
a  new  two-story  building  to  be  known 
as  the  Computation  Laboratory,  hav- 


Firat  floor  plan  of  new  Computation 
I  Laboratory  for  Hanrard  UniTersity.  Visitors 
j  can  watch  calculators  in  operation  through 
I  a  window  two  stories  high 

i 

! 

'  ing  facilities  for  instruction  of 
!  graduate  students  and  room  for  ad¬ 
ditional  calculating  machines. 

The  Indiana  Steel  Products  Co., 

!  Chicago,  Ill.,  has  acquired  the  plant 
and  facilities  of  Cinaudagraph  Corp., 
Stamford,  Conn,  and  can  now  offer  a 
two-source  supply  of  permanent  mag¬ 
nets. 

Tracerlab  Inc.,  Boston,  Mass,  has 
been  organized  to  develop  and  manu¬ 
facture  instruments  for  use  in  con¬ 
nection  with  newly  available  radio¬ 
active  isotopes,  and  will  also  make 
radioactivity  analyses  and  provide 
consultation  services. 

Acme  Electric  Corporation  is  the 
new  name  of  Acme  Electric  &  Mfg. 
Co.,  Cuba,  N.  Y. 

;  Brown  Instrument  Co.,  Philadel- 
I  phia,  has  purchased  a  five-story  build- 


From  out  of 
I  ho  wosi . . . 
Tniorioa's’ 
finest 

transformers 


Thermador  is  a  name 
remembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


‘*S«v*a  LaogMs  Alwod" 

THERMADOR 

TNERMAOOR  ELECTRICAL  MFC.  CO 
5119  Dninct  MmI  .  Ik  UftlK  22.  CaktarMj 


2$$ 
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advance 


wmmm  housihcs-pww^^ 

;o^«  .yp..  o.  .odi.  and  ...-.ooic  po^..  S..a 

•  •  nnd  loecificotions  for  quotot«or<. 

wAur  drowings  ond  $p«€' 


Available  in  either  single  or  double  throw, 
open  or  closed  contacts.  Coils  1.5  to  220  v 
A.C.— 2  to  110  V  D.C.  Overall  size— 1  I'^-in. 
X  1  %-in.  X  1  Vfin. 


K  1509 
A  C  TYPE 


K  1609 
D  C  TYPE 
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POST-WAR”  MIDGET  RELAYS 


Write  for  cotolog  ond  price  list. 


ffdvaoceMe/ays 


Available  in  either  single  or  double  throw, 
open  or  closed  contacts.  Coils  1.5  to  220  v 
A.C.— 2  to  110  V  D.C.  Overoll  size— 1  |^,i-in. 
X  1  %-in.  X  1  Yfin. 


These  relays  ore  unusually  small.  Actually, 
the  panel  area  required  for  installation  of 
one  of  these  units  is  just  slightly  over 
1  square  inch.  The  small  size,  moreover,  is 
supplemented  by  the  highest  quality 
construction.  Armature  hinge  is  Beryllium 
copper.  All  metallic  ports  ore  cadmium  or 
nickel  ploted.  Pure  silver  contact  points  with 
wiping  action.  Laminated  phenolic  (Unen 
electric  base)  insulation. 


K  1603-S 

0  C  TYPE 


Available  in  either  single  or  double  throw, 
open  or  closed  contacts.  Coils  1.5  to  220  v 
A.C.— 2  to  110  V  D.C.  Overall  size— 1-in.  x 
iy4-in.  X  iy,.in. 


K  1504 
A  C  TYPE 


K  1604 

D  C  TYPE 


•  STAMPINGS 


•  SCREW 
machine 
PARTS 


STAMFORD  METAL  SPECIALTY  CO.,  429  W.  BROADWAY,  N.  Y.l  2 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  W.  2nd  St..  Ids  Angelas  26.  Calif..  U  S  A. 


K  1503-$ 
A  C  TYPE 


•  METAL  AND 
PLASTIC 
SPECIALTIES 


HYDROGEN 
NITROGEN-OXYGEN 


ARGON  NEON 
helium  KRYPTON 
XENON 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 

HIGHEST  QUALITIES  •  ANT  QUANTITT 

delivered  anywhere 


AMERICAN  GAS  &  CHEMICAL  CO. 

HARRISON,  NEW  JERSEY  •  Cmstrectod  Complele  Servioe  oa  All  Gmm 


PHENOL  AND  VULCANIZED 

FIBRE  FABRICATIONS 


f: 


Close  tolerances,  any  quantity- 


Volume  production  and  accuracy  of  BAER  phe¬ 
nol  and  vulcanized  fibre  ports  have  resulted 
in  their  wide  specification  for  every  type  of 
product  and  equipment.  Expanded  facilities 
now  moke  it  possible  to  offer  BAER  production 
to  manufacturers  needing  quolity  ports  to  exact 
requirements.  Write  today  for  Bulletin  120. 

N.  S.  BAER  COMPANY 

CutfimsH  in 

7-11  MONTGOMERY  ST.  •  HILLSIDE  N.  J. 


PUNCHED 

STAMPED 

SHAVED 

SAWED 

DRILLED 

MILLED 

TAPPED 


DEXTER,  MICH  IGAN 


7  3  00  HURON  RIVER  DRIVE 


Font  radio-controlled  drone  planei  sent 
through  this  atomic  blast  cloud  at  altitudes 
oi  13,  18,  24,  and  30  thousand  feet  at 
Bikini  were  all  recoeered  by  mother  planes 
without  mishap  and  returned  to  perfect 
landings  at  Eniwetok  atoll.  There  was  no 
obsenrable  interierence  with  rodio,  tele- 
Tision.  or  electric  systems  oi  the  drones 


ing  in  that  city  in  preparation  for 
physical  expansion  and  business 
growth. 


Raytheon  Mfg.  Co.,  New  York 
N.  Y.,  announces  the  merger  of  Sub¬ 
marine  Signal  Co.  with  Raytheon  on 
May  31,  1946. 


MEETINGS  TO  COME 


Sept.  10-14;  National  Chemical 
Exposition;  Coliseum,  15th  and 
Wabash  Ave.,  Chicago,  Ill. 


Sept.  16-20;  Instrumentation  for 
Tomorrow — Exhibit  and  Confer¬ 
ence;  Wm.  Penn  Hotel,  Pittsburgh, 
Pa. ;  daily  technical  sessions  and  pro¬ 
gram  of  .short  educational  courses. 


Oct.  3-5;  National  Electronics 
Conference;  Edgewater  Beach  Ho¬ 
tel,  Chicago,  Ill.;  technical  programs 
under  three  main  heads — communi¬ 
cations,  industrial  electronics,  and 
scientific  and  medical  developments. 


Oct.  10-11;  Television  Broadcast¬ 
ers  Association  Conference;  Wal¬ 
dorf-Astoria  Hotel,  New  York  City; 
latest  television  equipment  will  be 
exhibited. 


DRONES  GET  THROUGH 


Princeton  University  will  receive  a 
minimum  of  $100,000  for  research 
for  the  Bureau  of  Ordnance  in  ac¬ 
cordance  with  a  two-year  contract 
signed  with  the  Navy  Department. 
The  Navy  is  also  constructing  on  the 
campus  a  laboratory  and  office  build¬ 
ing  for  this  project,  at  a  cost  of  ap¬ 
proximately  $120,000. 


(PatMt  Pandina) 


WRITE  FOR  NEW 


ILLUSTRATED 

BROCHURE 


D  RL  LIGHT  CD. 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 
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suPiR-pousm 


oat 


Specifications 

•Motor  Typ*  KS^37  •Speed  1140  ILP^ 

•  AAodel  1^  225S  •  1 15  V.  A.C  60  cydet 

•Approx.  1/20  H.P.  •Split  phase  induction 
•Continuous  duty 


mAumtsTANi 


NON-MAOmiC  . 


M-32A 


Where  quiet,  vibrationless  operation 
and  long  life  ore  essential,  we  recom- 
mend  this  special 


for  your  continuous-duty  fan  and 
blower  applications,  such  as  oil, 
gas,  or  steam  unit  heaters — oil  burn¬ 
ers  —  air-conditioning  units  —  etc. 

Construction  features :  Motor  is  total¬ 
ly  enclosed.  Tubular  steel  stator 
housings  are  rabetted  to  fit  die  cast  end 
l>ells,  providing  perfect  alignment. 
Bronze  sleeve  bearings  are  grooved  for 
best  oil  distribution.  Oversize  felt  oil 
retainers  feed  oil  to  shaft  through  two 
spring  tension  widcs  at  each  bearing. 

John  Oster  Mfg.  Co.,  4  Main  St., 


Resilient  neoprene  motor  mount- 
ii^s  absorb  vibration  — >  are  not 
afteaed  by  oil  and  grease.  Can  be 
furnished  with  standard  motor 
mounting  dimensions.  Finished  in 
black,  baked  enamel.  Length  over 
bearings,  Housing  diameter 

4-27/64".  Weight  15  lbs. 

Orders  for  this  motor  are  now  in 
production.  If  you  need  special  nx>- 
tors  for  your  products,  wnte  for  in¬ 
formation. 

SptMhH  in  tpncioi  motors  — 
lifSm  s*r<*s.  $pilt  pnaf,  copocitor, 
KUUlie,  fVIS«  synchronous,  cod  shodod  polo 
in  frxKthoal  nd>>  ratings. 


•^fdaimanee 


tho  lob.  _ 

SBBBB^^^BSSBSSSSS 

Positiro  locking  action  .  .  .  componsotion 
for  oxpansion  ond  contraction  .  .  .  full 
gripping  aroa  .  .  .  thoso  and  other  factors 
are  enginoorod  in  Quadriga  for  oloctrical 
p.  rrn  >1  'rrcturO. 

QUADRIOA 

Quality 

^  WASNIRS 

f  \  r\  Exactly  to  your  spocffications. 
f  I  I  I  Any  woshor  motorial.  Flat, 

\  Vy  I  Special  Dimonaions,  Irrogulor, 
^  Contour,  Finishing,  Tension, 
Cupped  and  Drawn,  Friction, 
y  ^  etc.  Also  wire  terminals. 

S  O  {  SMALL  METAL  STAMPINGS 
\  y  Any  Design 

vyvX  Pul  your  problems  in  Wosh- 

®ers  and  Stampings  up  to 
Quadriga.  Immodiate  atten¬ 
tion,  prompt  deliTory  of  any 
quantity,  small  or  largo. 

QUADRIGA  BOOKLET  FREE 

y  Shows  many  typos  from 

f  1  photographs,  with  valuable 

V  V.y  /  information.  Should  be  in 
^  your  file.  Write 


The  Quadriga  Manufacturing  Co 

221  A  We*t  Grand  Ave.,  Chicago  10,  lllinoit 


STEATITE 

CERAMIC 


FreporHos  and  Cboroctoristics  of  Our 
LAVITE  SI-5  Steatite  Ceramic  Body 

C«mpm«iv.  strength  . 96,000  lbs.  per  .guar,  inch 

Tmitil.  Strmigth  . 7,200  lbs.  psr  square  inch 

FIssural  Strength  . lO.SOO  lbs.  psr  square  inch 

Modulus  of  nupturs . 20,000  lbs.  per  square  inch 

bisisctric  Strength  . 23S  volts  per  mil 

Dielectric  Constant  . 6.42  rrMuenew  of 

Loss  Factor  . 2.90  i  ^STaevere 

Fewer  Factor  . 446  *  megacycle 

Sulk  Specific  Qravity . 2.664e'o 

Density  (from  above  gravity).  ..0.096  lbs.  per  cubic  inch 

Hardness  (Mohr  scale)  . 7.0 

softening  Temperature  . 2.3S0-P. 

Linear  CoefRcient  of  expansion  . 6. 13x10— 4 

Moisture  Absorption  (AtTM  0-116-42-A) . 0.0096% 

Design  engineers  and  manufaaurers  in  the  radio, 
elearical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-factor  of  LAVITE  plus  its  excellent 
ssorkability  makes  it  ideal  for  all  high  frequency 
applications. 

We  will  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MFG.  COMPANY 

Mnin  Otfi(p  ,t  Works  C  hoffonoo<|fi  Trnr 
N.nclhom  Moss  Chicoqo  Los  Anqclcs 


FINEST  MICROPHONES 

nor  P.A...TRECORDING/ 


'veu'  P.  G. 

DYNAMIC 

WITH  NEW 

SUPERIOR 
ELfPSOID 
PICK  UP 
PATTERN! 


AMPERITE 

VELOCITY 

MICROPHONE 

WITH 

PATENTED 

ACOUSTIC 

COMPENSATOR 


AMPERITE  KONTAK  MIKES 

IDEAL  FOR  AMPLIFYING 
STRINGED  INSTRUMENTS 

USED  WITH  ANY  AMPLIFIER 
AND  WITH  RADIO  SETS. 

ASK  YOUR  JOBBER  .  .  .  WRITE  FOR  FOLDER 


AHPERITl 


NEW  BOOKS 


Electron  Optics  and  the 

Electron  Microscope 

By  V.  K.  Zworykin,  G.  A.  Morton,  E. 
G.  Ramberg,  J.  Hillier,  and  A.  W. 
Vance,  all  of  RCA  Laboratories,  Prince¬ 
ton,  N.  J.  John  Wiley  &  Sons,  Inc.,  New 
York,  and  Chapman  &  Hall,  Ltd.,  Lon- 
don,  766  pages,  $10.00. 

A  COMPREHENSIVE  treatment  of  the 
electron  microscope  and  electron  op¬ 
tics  is  presented  in  this  thoroughly 
annotated  and  indexed  volume. 
Actually,  the  work  consists  of  two 
books  combined  as  Part  I — Practical 
Electron  Optics  and  Electron  Micros¬ 
copy,  and  Part  II — Theoretical  Basis 
of  Electron  Optics  and  the  Electron 
Microscope. 

In  the  first  part  a  general  descrip¬ 
tive  series  of  chapters  explains  the 
characteristics,  methods  of  utilizing, 
and  limitations  of  electron  optical 
systems  in  the  various  practical  ap¬ 
plications  such  as  electron  multi¬ 
pliers  and  mass  spectrographs.  On 
this  foundation  the  components  and 
their  functions  in  the  electron  micro¬ 
scope  are  explained  in  qualitative 
form;  the  several  commercial  elec¬ 
tron  microscopes  are  used  to  illus¬ 
trate  the  points  and  the  applications 
and  manipulations  of  the  instru¬ 
ments  in  biological,  chemical,  and 
metallurgical  research  are  explained. 

In  the  second  part  the  various  com¬ 
ponents  of  the  electron  microscope 
are  analysed  in  quantitative  detail. 
Beginning  from  basic  theoretical 
properties  of  electrons,  fields,  and 
waves,  the  analysis  proceeds  through 
computation  of  potential  distribu¬ 
tion  and  trajectories  to  their  con¬ 
crete  utilization  in  designing  elec¬ 
tron  optical  systems,  aberrations  and 
image  formation  encountered  with 
such  systems,  and  a  statement  of  the 
limits  of  resolution.  An  appendix 
di.scusses  the  added  effects  of  noise. 


New  Plant  to  Speed  Pro- 
duction  of  R,  F,  CoiU, 
Windings^  Sub-aaBemblies 
and  Radio  and  Electrical 
Teat  Equipment! 

YOUR  INQUIRIES  INVITED 

The  reeeat  MqvMtten  of  new  and 
•••‘••rifed  plant  fadUtlee  nt 
Street,  CIncfannU,  Ohio, 
by  CItppnrd  Instrament  Laboratory. 
eSf"  »**P  forward  in 

^  maiTfa  of  aervices  now  offered 
rMl^  electrical  and  cicctronice  mna- 
■factarers. 

Clippnrd,  with  25,000  addltlonai 
■floare  feet  of  prodortlon  apace,  ia 
now  In  an  ideal  poaltion  to  handle 
X?.®' ,  *•  Meetro-Ma»netlc 

Windtao,  Sab-Aaaembly  or  Speelnl- 
***”iT*"*  Inotrument  problema  with 


Do  you  need  precision  R.  F.  Coils, 
Electro-magnetic  windings,  Sub-assem¬ 
blies,  or  Specialized  Electrical  and 
Electronic  Test  Equipment  for  the  lab¬ 
oratory  or  production  line?  Hove  you 
o  tricky  engineering,  assembly  or  pro¬ 
duction  job  on  which  you  need  help? 

Take  advantage  of  Clippord’s  repu¬ 
tation  for  "know  how"  and  Clippord's 
enlarged  production  facilities.  Skill, 
accuracy  and  dependability  remain  our 
creed,  and  we  con  now  give  service 
and  delivery  heretofore*  impossible. 

Let  us  know  your  R.  F.  Coil  and 
instrument  needs,  TODAYI 


The  ^Electron  Microscope 

By  E.  F.  Burton,  University  of  To¬ 
ronto,  and  W.  H.  Kouh,  formerly  Rogers 
Electronic  Tubes,  Ltd.,  Toronto.  Rein- 
hold  Publishing  Corp.,  New  York,  scc- 
ond  edition,  325  pages,  $4.00. 

Clearly  presented  for  the  techni¬ 
cian  who  uses  the  instrument,  this 
cleverly  illustrated  book  outlines  the 
fundamental  principles  and  the  man¬ 
ner  in  which  they  are  applied  in  the 
electron  microscope.  The  presenta- 
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PeitBSEN  Rbdio  Compbnv 


7800  WIST  IROAOWAT - TIIIPHONI  7760 


Council  Bluffs,  lotu« 


THERE  S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK 


CUSTOM  MOLDED 

PinSTICS  PARTS 


AUflivcittAioCcUi 


.4ini8|it8ct<tT4t18|  Cf’ 


REEVES  SOUNDCRAFT  CORP 


335  NORTH  WHIPPLE  ST. •CHICAGO  17,  ILL. 


3656  LINCOLN  AVE.  CHICAGO,  ILL 


PROGRESS  ALONG  SOUND  UNfS 


for  MARINE, 
AIRCRAFT,  POLICE 

Frequency  Ronge  1000  KC  fo 
10.5  MC 


Type  Z-1,  the  new  standard  crys¬ 
tal  unit  for  marine,  aircraft  and 
police  service,  is  a  precision  low 
temperature  coefficient  unit  that 
meets  all  F.C.C.  requirements. 
Temperature  coefficient  less  than 
2  cycles  per  MC.  *C.  Calibrated  to 
within  .005%  of  specified  frequency. 


Send  at  once  to  your  (obber  for  a  copy  of  the 
NI!W  Premax  Catalog.  It  siho>\s  the  complete  line 
of  Vertical  Antennas  in  Steel.  Aluminum,  Monel 
and  Stainless,  as  well  as  Corulite  Klements  and 
other  elements  for  arrays.  If  your  jobber  can’t  sup¬ 
ply  you,  write  direct,  giving  us  his  name. 


DMsion  Chisholm-kyder  Co.,  Inc. 

4ill  Highland  Ave.,  Niagara  Falls,  N.  Y. 


FOR  THE  ELECTRONICS  INDUSTRY 


From  that  mighty  mite 


The  Features 

You've  Always  Wanted 

You  Can  Now  Have 


•  MORE  PERFECT  RECORDING  SURFACE  Sound- 
croft  discs  ore  free  from  outer-edge  ridge  — 
increasing  usatle  aieo 

•  "FULL  SPECTRUM"  FREQUENCY  RESPONSE 
Soundcroft's  superior  coating  consistency  pro 
vides  Ihe  utmost  resistance  to  bieok  down  of 
minute  modulotions. 


the  Drake  No.  600-10  there  is  u 
high  quality  Drake  Soldering  Iron 
“just  right”  for  the  joh. 

Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  arr 
important  soldering  aids. 


•  LOWER  surface  NOISE.  Soundcroft’s  coating 
lacquer  is  filtered  microscopically  clean,  thus  re¬ 
ducing  the  most  obiectienol  type  of  surface  noise, 
the  crackle. 

•  NEW  QUALITY  CONTROL.  Soundcroft’s  Disc 
Prover,  a  revolutionary  testing  method,  elimi- 
notes  the  need  for  numbering  discs  to  locate  poor 
lots  in  the  field.  "Mistake"  discs  cannot  reoch 
the  shipping  room. 

Ask  your  rodio  ports 
jobber  or  write  for  the 
new  Soundcroft  Catalog 


^Fteided . .  to  mtti  spsctfic 
rtquir«fflinlt...by  on  •xptriincid  organization 
. . .  teolod  for  the  production  of  plastics  ports 
for  oltctricol  or  gontrol  applications.  Inqoirios 
otltnowltdged  promptly. 


SEE 

YOUR  RADIO 
PARTS  JOBBER 
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Encourages  nimble  hands 
along  the  assembly  line. 
Made  in  eleven  sizes  from 
3/16"  to  5/8"  square,  hex 
or  knurled . 


STEVENS  WALDEN,  INC. 


POPULAR 

SPINTITE 
T.73  SET 


Wood 

Handles 


A  useful  Tool  in  every 
Radio  and  Electrical  Shop. 


Deluxe  T-8  SET  the  same 
with  Plastic  Handles 


Send  loi  Cataloq  _ .  ,  _  _  ^  . 

141  picturing  Air-  £  N 

dolt  Radio  and _ woRC^sttR 

Automobile  Tools. 


468  SHREWSBURY  STREET 


WORCESTER,  MASSACHUSETTS 


tion  begins  with  vision  itself  and  dis* 
cusses  light  and  waves  before  under¬ 
taking  the  main  portion  of  the  sub¬ 
ject.  All  the  essential  functions  of 
the  magnetic  and  electric  electron 
microscopes  are  explained  so  that  the 
laboratorian  can  understand  just 
what  the  instrument  can  do  and  how 
it  does  it.  A  classified  bibliography 
at  the  back  of  the  book  enables  one  to 
read  more  on  their  special  interests. 

The  Electron  Microscope 

By  D.  Gabor,  Research  Laboratory  of 
Thomson-Houston  Co.,  Ltd.,  Rugby. 
Hulton  Press,  Ltd.,  London,  103  pages, 
4/6. 

This  technical  monograph  issued 
by  Electronic  Engineering  forms  a 
concise  discussion  of  the  major  fac¬ 
tors  to  be  considered  in  designing  an 
electron  microscope.  The  ways  in 
which  the  points  that  have  been  dis¬ 
cussed  are  applied  are  illustrated  by 
reference  to  several  American-made 

I 

instruments. 

Critical  Comments 

Of  the  three  current  works  anno¬ 
tated  above  on  the  electron  micro¬ 
scope,  the  first  is  by  far  the  most  im¬ 
portant,  not  only  for  the  wealth  of 
material  both  for  user  and  designer 
of  electron  microscopes,  but  also  for 
the  discussion  of  electron  optics  that 
is  applicable  in  all  fields  of  electron 
ballistics  and  waves.  The  book  serves 
as  a  full  statement  of  what  has  been 
done  and  found  important  by  one  of 
the  most  active  and  productive  re¬ 
search  laboratory  staffs  in  this 
highly  mathematical  and  abstract 
field.  The  first  part  constitutes  an 
easy  stepping-stone  for  the  beginner 
in  passing  on  to  the  more  valuable 
second  part. 

The  second  book,  written  specifi¬ 
cally  for  laboratory  technicians,  fills 
admirably  its  single  purpo.se  more 
so  than  the  first  part  of  the  previ¬ 
ously  reviewed  book.  The  simple  and 
catching  drawings  by  Dorothy  Stone 
add  to  the  readability  and  attractive¬ 
ness  of  the  book.  For  those  who  have 
a  background  in  the  biblogical  sci¬ 
ences  rather  than  the  physical 
sciences  the  explanations  will  be 
found  comprehensible.  This  consid¬ 
eration  alone  recommends  this  book 
for  technicians  in  chemical  and  bio¬ 
logical  laboratories. 

The  monograph  is  a  concise  intro¬ 
duction  to  the  problems  of  electron 
optics.  For  the  engineer  first  enter-  ’ 


S*  L-S  ■  * 

I#--/ 


New  Battery  Charging 
Rectifiers 


A  new  design,  giving  max¬ 
imum  output  in  minimum 
space,  has  been  developed 
by  Bradley  for  copper 
oxide  rectifiers  for  battery 
charging.  Rated  for  2,  3, 
and  AVi  volts  D.  C.  output, 
with  D.  C.  current  up  to  IM1 
amperes.  Bradley  produc¬ 
tion  is  geared  for  econom¬ 
ical  runs. 

"Coprox"  rectifiers  by 
Bradley  have  special  fea¬ 
tures  that  assure  long  life, 
easy  assembly  and  accu¬ 
rate  performance.  All  rat¬ 
ings  of  Bradley  rectifiers 
are  conservative.  Bradley 
engineers  are  available  to 
assist  you  in  the  develop¬ 
ment,  production  and  ap¬ 
plication  of  special  recti¬ 
fiers  for  special  jobs. 


-  V- 

liferoture. 


lllustrot^d 
/^  available  on  roquetf, 
•  ^  fhows  moro  mocMt  ol 
coppm  mkk  recttfiors, 
plus  o  line  of  selenkmi 
rectiftert  and  pholoceili. 
^j¥rile  for  "The  Bra<fley 


BRADLEY 

LABORATORIES.  INC. 


82  Weadow  St.  New  Haven  10,  Conn. 
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Professional  Services 

Consulting  —  Patents  —  Design  —  Development  —  Measurements 

in 

Radio,  Audio,  Industrial  Electronic  Applications 


H.  RUSSELL  BROWNELL 

Consulting  Engineer 

Sp«cl«lixinq  in  M««>ur*nwntt  ft  Tatting 
Instrumantt  ft  Tachniquat  •  Elactrical  •  Eiac- 
tronic  •  Magnatic. 

188  Watt  4th  St.  Naw  York  i4,  N.  Y. 

Chaltaa  2-42M 

ELECTRO  ENGINEERING 
WORKS 

Speclallxlng  In  Hlffh  Voltare  Filament  and 
Plat  Tranaformem  for  Electronic  Projecta 

Quick  Deliveries 

6021  Collage  Ave.  Oakland  11,  Calif. 

■ 

MIDLAND  ASSOCIATES  ! 

Consulting  Engineers  ! 

Enginaering  Design  ft  Development  i 

Television  Receivers — Technical  Manuals  I 

FM.  Racaivars — ^Tait  Instruments  | 

A.M.  Receivers — Special  Problems  ! 

in  all  phases  of  Electronics  | 

I9S9  Lunt  Ave.  Chicago  28,  III.  | 

EDWARD  J.  CONTENT 

Acoustical  Consultant 
and 

Audio  Systems  Kntineeiina.  FM  Standard  Board- 
cast  and  Television  Studio  Design. 

Roxbury  Boad  Stamford  3-7459 

Stamford,  Conn. 

ELM  LABORATORIES 

Raeoareh  and  Dation 

RADIO  TRANSMITTERS  AND  RECEIVERS 
Dealgns  for  Homo  BadlM,  Elootro-Heohanlcal 
Devices  and  Components. 

20  South  Broadway  Dobbs  Ferry.  New  York 

Phone  Dobbe  Ferry  4058 

NATIONAL  DESIGN  SERVICE  1 

Designers  and  Developers  of  1 

FACTORY  TEST  EQUIPMENT 

TELEVISION  B.F.  SWEEP  GENERATORS 

F.M.  SIGNAL  GENERATORS 

COMPLETE  CENTRAUZED  MODULATED 
SYSTEMS 

96  Liberty  St.  New  York  6.  N.  Y.  j 

E.  STUART  DAVIS 

Consulting  Engineer 

K  earn  r  ch— Dantcn— -Developni  e  ii  t 

Radio  •  Carrier  Current  •  Supersonlcfi  •  Badiant 
Energy  -  Control  and  Measurement  -  Methods  and 
Devices,  Communication  Transportation  it  In 
dUHtrial  applications. 

Marino  Laboratory  faeilitlos  aboard 
the  yacht  "ELECTRON" 

422  N.  E.  River  Drive  Ft.  Laadentale,  Fiorida 

F.  T.  FISHER’S  SONS 

LIMITED 

Consulting  Engineers 

Iroadcast  Transmitters,  Antonna  Systamt 
Studio  Equipment.  Mobile  and  Fixed  Com¬ 
munication  Systems. 

1425  Dorchester  St.  West,  Montreal 

ALBERT  PREISM AN  | 

Consulting  Engineer  j 

Television,  pulse  Techniques.  Video  ! 

Ampliflers,  Phasing  Netwoiin, 

Industrial  Applications 

Affiliated  with 

MANAGEMENT-TRAINING  ASSOCIATES 

3308-1 4th  St..  N.  W.  Washington  10.  D.  C. 

STANLEY  D.  EILENBERGER 

Consulting  Engineer 

INDUSTBIAL  EIJCCTBONICS 

Uaalsn — DeTolopment — Modala 
t'omplate  lAbomtory  and  Shop  Facilities 
6309-13 — 27th  Are. 

Kenoaha,  Win.  Telephone  2-421S 

PAUL  E.  GERST  &  CO. 

CONSULTING  ENGINEERS 
Mpeclallats  In 

Electrical  Product  Design 

El.  Machinery.  Apparatna  ft  AppUcatlone 

El.  Appliancee,  Hi-Frequeney  Aivaratue 
Electronics,  Radio  Communication 

205  W.  Wacker  Dr.  Chicago  6.  IlL 

JOSEPH  RAZEK,  Ph.D.  I 

Consulting  Physicist  | 

Electric  and  Mechanical  Engineering  Problems  | 
Instruments  and  Control  Devices  Electronics  1 

Specialists  In  Colorimetry.  Spectrophotometry  and  s 
Industrial  Color  Control  1 

Laboratory  and  Shop  Facilities  t 

202  Darby  Road  Lianereh,  Pa.  | 

Phone  HiUtop  6910  ! 

1 

ELECTRONIC  RESEARCH 
ASSOCIATES 

HR  A  will  apply '  progressive,  war-proven  de¬ 
velopments  in  elecrtonic  research  .  .  .  count- 
ing  .  .  .  liming  .  .  ,  measuring  .  .  .  industrial 
controls  ...  to  your  manu»cturing  advan¬ 
tage. 

Bex  333,  305  Linden  Av..  South  San  Franeiteo,  Cal. 

C.  M.  HATHAWAY 

Consulting  Engineer 

Keaearch  and  Development 

Product  Dealgns 

Tool  ft  Methoda  Engineering 

Pilot  Manufacturing 

1315  S.  Clarkson  St.,  Denver  10,  Colorado 

RAYMOND  M.  WILMOHE  INC.  ! 

A  Complrie  Engineering  Service  1 

for  the  1 

.kpplicntlon  of  Electronlcn  to  Indnatry  | 

Consultation  Design  Construction  \ 

2:i6  W.  55  St.  1469  Church  St.  N.W.  1 

New  York  19.  N.  Y.  Washington  5.  D.  C.  i 

READERS  MAY  CONTACT 
THE  CONSULTANTS 

v:hose  cards  appear  on  this  page 
with  the  confidence  justified  by  the  offer¬ 
ing  of  these  special  services  nationally. 

J.  L.  A.  McLaughlin 

Designer  of 

Communication  Receivera 

Specializing  in  the  elimination  of  heterodyne 

P.  O.  Box  529.  ka  JoUa,  Calif. 

PAUL  D.  zonu 

Consulting  Engineer 

INDUSTRIAL  ELECTRONICS 

High  Frequency  Dielectric  and  Induction  Heating 
.Applications.  Equipment  Selection.  Equipment  and 
Component  Design.  Development,  Models. 

272  Centrs  8t.  Newton,  Mass. 

Bia-9240 

XHE  pliicing  your  unusual  problem  in  the  hands  of 

^  ^  a  competent  consultant  eliminates  the  elements 

REAL  ^ 

of  chance  and  uncertainty  from  the  problem  and 
VALUE  provides  real  facts  upon  which  to  base  decisions. 
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<^ia  ^^xcellcnce  ttt  ^^oT/cttumslitp  *  ^^txxlucltoyi 


Backed  by  15  years  of  experience  in  production  for  many 
leading  radio  manufacturers,  we  invite  your  cabinet  prob¬ 
lems  for  solution.  Authoritative  “know-how"  with  all  woods 
and  all  finishes.  May  we  have  your  specifications. 

MOUNT  VERNON  CABINET  CO.,  Inc 

•  »7  Sf)l  I  II  I  II  III  W  I  \l  I  .  \l()l  N  l  \I  I<\()N,  \|  \\  'inUK  • 


ing  this  field  or  giving  it  a  cursory 
once  over,  it  states  the  fundamental 
in  his  language.  The  discussions 
seems  to  be  a  foundation  for  and 
presentation  of  the  author’s  method 
of  correcting  the  objective  of  an  elec¬ 
tron  microscope. — F.  R. 

•  •  • 

The  Radio  Amateur’s  a 

Handbook 

By  The  Headquarter’s  Staff,  Ameri¬ 
can  Radio  Relay  League,  Hartford, 
Conn.,  1940,-688  pages,  $1.00. 

The  twenty-third  edition  of  this 
standard  radio  communication  hand¬ 
book  is  as  nearly  up  to  date  as  the 
changing  status  of  amateur  licensing 
and  frequency  assignments  permits. 
Previously  published  chapters  on 
War  Emergency  Radio  Service  equip¬ 
ment  and  carrier-current  techniques 
have  been  omitted.  The  chapter  on 
emergency  and  portable  equipment  is 
necessarily  thinner  than  one  would 
like,  but  it  makes  a  brave  start  on 
its  postwar  career.  The  sections  on 
vhf  equipment  are  particularly  in¬ 
teresting  and  timely.  In  general,  the 
Handbook  has  added  another  cubit 
to  its  stature  and  will  continue  to  be 
the  best  dollar’s  worth  not  only  for 
amateurs,  but  also  for  engineers, 
educators,  students,  and  other  who 
need  the  ready  reference  material 
available  in  its  pages. — a.  a.  mck. 

•  •  • 

A  Chronological  History 

of  Electrical  Development 

Published  by  National  Electrical 
Manufacturers  Association,  Neiv 
York  17,  N.  Y.,  143  pages,  $2.00. 

A  HANDY  reference  WORK,  starting 
traditionally  at  600  B.C.  with  Thales 
and  his  piece  of  amber  but  contain¬ 
ing  many  interesting  and  significant 
names  and  dates  not  ordinarily  seen 
in  histories  of  electricity.  Seven 
pages  serve  for  events  before  1800, 
68  pages  for  1800  to  1900,  and  31 
pages  for  the  next  44  years.  A  de¬ 
tailed  index  of  topics  and  names  adds 
greatly  to  the  reference  value  of  the 
book.  Noteworthy  also  is  the  pub¬ 
lisher’s  statement,  “Excerpts  from 
this  book  may  be  used  without  per¬ 
mission.” — J.  M. 

The  radiotelegraph  station  built  by 
Italians  at  Addis  Ababa  during  the 
Ethiopian  war  and  which  they  sabo¬ 
taged  when  driven  out  by  the  British 
is  being  restored  to  service. 
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MiCtOWAVE  PLUMBING  . 

Waveguid#  item  designad  by  De  Mornay>Budd  tor  use  between  4,000  end  27,000  me  {Direct  color  carbo  by 
Richard  De  Mornay) 

all-weather  flying  .  M 

Status  of  vhf  landing  system  installations,  and  reasons  why  civil  aviation  does  not  yet  have  radar 

ECHO  DEPTH  SOUNDER  FOR  SHALLOW  WATER,  by  G.  B.  Show . 

Accurately  measures  distance  from  keel  of  moving  ship  to  sea  bottom  and  plots  profiles  on  chart 

PHOTOELECTRIC  TONE  GENERATOR,  by  Lyman  E.  . . . 

Pattern  wheel  rotating  in  light  beam  generates  fundamental  and  nine  harmonics  having  any  desired  amplitude  relation 

RECORDER-CONTROLLER  FOR  TEMPERATURE  AND  HUMIDITY,  by  V.  D.  Honck,  R.  E.  Sturm  and  R.  B.  Colt  96 

Eight-station  average  of  relative  humidity  indications  automatically  controls  dehumidifying  equipment 

LOW-IMPEDANCE  LOOP  ANTENNA  FOR  BROADCAST  RECEIVERS,  by  L.  O.  Vladimir  <00 

Design  of  input  transformer  for  optimum  coupling  is  described  in  detail 

2.700-MC  TRANSCEIVER  . 

Narrow-beam  uhf  communication  system  for  distances  up  to  30  miles 

CAPACITIVE  MICROMETER,  by  k.  W.  Dayton  and  G.  M.  Folay . 

Movement  of  a  sensitive  capacitor  frequency-modulates  an  oscillator  to  indicate  extremely  small  »ariation» 

INFRARED  IMAGE  TUBE,  by  G.  A.  Morton  and  L  E.  Flory . 

Design  details  of  the  war-developed  electronic  tube  that  sees  in  the  dark 


COMPOSITE  TANR  CIRCUIT  FOR  UHF.  by  Pier  L.  Bargelllni . 

Triode  oscillates  at  its  highest  frequency  if  transmission  line  is  combined  with  a  cavity 

CURRENT  OSCILLATOR  FOR  TELEVISION  SWEEP,  by  Georg*  C.  Siiklai . 120 

Lino  frequency  sweep  in  the  cathode-ray  tube  is  provided  by  a  saw-tooth  current  oscillator 

SORTING  AUOYS.  by  N.  F.  Agnew . 12< 

Portable  electronic  instrument  rubs  known  metal  against  unknown  and  measures  resulting  triboelectric  voltage 

PULSE  MODULATION  SYSTEM,  by  William  R.  Gr**r . 

Functions  performed  by  circuits  in  microwave  pulse-position  modulated  equipment 

MULTI-VOLTAGE  REGULATED  POWER  SUPPLIES,  by  J.  R.  Meutser .  <32 

The  proper  combination  of  VR  tubes  regulates  two  output  voltages  at  high  current 

PHOTOELECTRIC  STREET  LIGHTING  CONTROL,  by  Charles  E.  Marshall . <34 

Premature  darkness  caused  by  storms,  as  well  as  normal  twilight,  actuates  this  electronic  switch 

TEACHING  PERMEABILITY-TUNED  CIRCUITS,  by  A.  W.  Simou . <38 

Values  for  inductivaly-tuned  colls  that  track  properly  in  superheterodynes  are  found  arithmetically 
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seen.  Please  indicate  position  and  company  connection  on  all  subeerigtion  orders.  Entered  as  Second  Class  matter  August  29.  1936,  at  Pest  OlHee  Albany 
Aidwwhi  3*  branch  OFFICES:  920  North  Michigan  Avenue.  Chicago  II,  III.;  68  Pest  Street.  San  Francisco  4;  Aldwych  Heus# 

OII»!2*bLi7S'."‘<®";..'<^'<''  Washington.  O.  C.  4;  PhlladelDhIa  2;  Cleveland  19:  Detroit  26;  St.  Louis  8:  Boston  16;  Atlanta  3,  Ga.;  621  So.  Hope  St.,  Los  angslM  14;  rw.fc 
^  oaiioing,  Pittsburgh  22. 
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